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© Musical tone control apparatus using detector. 



© A musical tone control apparatus controls a 
musical tone corresponding to a movement itself of 
^ an object and the like which is detected by a detec- 
^ tor. Such detector detects also a moving speed, a 
m moving force, a moving angle or an intensity of 
If) given impulse of the object. In the case where the 
CO detector is mounted in the vicinity of a player's joint, 
1^ the detector detects a revolving or bending angle of 
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the player's joint. Hence, the musical tone can be 
controlled based on such angle of the player's joint. 
Thus, through this musical tone control apparatus, 
the player can generate a musical tone having, for 
example, a desirable tone pitch, a desirable volume 
and a desirable tone color based on the movement 
of the object or the player's joint. 
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The present invention generally relates to a 
musical tone control apparatus using a detector, 
and more particularly to a musical tone control 
apparatus which controls a musical tone in re- 
sponse to a movement of a player and the like 
detected by a detector. 

Conventionally, musical tones are generated by 
playing a natural musical instrument (such as a 
violin, a piano, an organ and a bass drum) and an 
electronic musical instrument and the like. In such 
musical instruments, a tone pitch and a tone color 
of the generating musical tone is controlled by 
touching or depressing keys, strings or pedals by 
use of hands or feet of the player. 

It is a primary object of the invention to provide 
a musical tone control apparatus which controls the 
musical tones based on the movement of the play- 
er such as the swing angle or the swing speed of 
the player's hand. 

It is another object of the invention to provide 
an apparatus which generates artificial musical 
tones corresponding to natural tones generated by 
the player. 

It is a further object of the invention to provide 
a detector which detects the movement of the 
player and an impulse given to the player's hand 
and the like. 

In a first aspect of the invention, there is pro- 
vided a musical tone control apparatus comprising: 

(a) detector means for detecting a movement itself 
of an object; (b) musical tone control means for 
controlling a musical tone signal based on a detect- 
ing result of the detector means; and (c) musical 
tone generating means for generating a musical 
tone corresponding to the musical tone signal. 

In a second aspect of the invention, there is 
provided a musical tone control apparatus compris- 
ing: (a) detecting means for detecting a swing 
movement itself of an object to be detected; and 

(b) means for outputting musical tone control data 
which control a musical tone signal based on a 
detecting result of the detecting means. 

In a third aspect of the invention, there is 
provided a musical tone control apparatus compris- 
ing: (a) detecting means for detecting acceleration 
of an object to be detected; and (b) means for 
outputting musical tone control data which control a 
musical tone signal based on a detecting result of 
the detecting means. 

In a fourth aspect of the invention, there is 
provided a musical tone control apparatus compris- 
ing: (a) acceleration sensor means being connected 
to the predetermined part of the human body; (b) 
first detecting means for outputting a first detection 
signal when an output level of the acceleration 
sensor means becomes higher than a predeter- 
mined first level; (c) second detecting means for 
outputting a second detection signal when a level 



of a higher harmonic component included in the 
output signal of the acceleration sensor means 
becomes higher than a predetermined second lev- 
el; (d) hold means for holding the higher harmonic 

5 component level when both of the first and second 
detection signals are outputted respectively from 
the first and second detecting means; and (e) first 
means for generating first musical tone control data 
which control a musical tone signal based on a 

70 detecting result of the first detecting means. 

In a fifth aspect of the invention, there is pro- 
vided a musical tone control apparatus comprising: 

(a) acceleration sensor means being mounted at 
the predetermined part of the human body; (b) first 

75 detecting means for outputting a first detection 
signal the level of which becomes a predetermined 
level while an output level of the acceleration sen- 
sor means becomes higher than a level of a first 
reference signal; (c) amplifier means for amplifying 
20 a higher harmonic component included within the 
output signal of the acceleration sensor; (d) second 
detecting means for outputting a second detection 
signal the level of which becomes a predetermined 
level while the output level of the amplifier means 
25 becomes higher than a level of a second reference 
signal; (e) interrupt signal generating means for 
generating an interrupt signal representing that 
both levels of the first and second detection signals 
become identical to the predetermined level; (f) 
30 hold means for holding a peak value of the higher 
harmonic component in response to a timing of the 
second detection signal; (g) analog-to-digital con- 
verter means for converting the peak value of the 
higher harmonic component into digital data repre- 
ss senting the intensity of impulse; and (h) central 
processing means for converting the digital data 
into tone pitch data representing a tone pitch of a 
musical tone in response to the timing of the inter- 
rupt signal. 

40 In a sixth aspect of the invention, there is 

provided a musical tone generating apparatus com- 
prising: (a) acceleration sensor means being moun- 
ted at the predetermined part of the human body; 

(b) first detecting means for outputting a first detec- 
45 tion signal the level of which becomes a predeter- 
mined level while an output level of the accelera- 
tion sensor means becomes higher than a level of 
a first reference signal; (c) amplifier means for 
amplifying a higher harmonic component included 

50 within the output signal of the acceleration sensor; 
(d) second detecting means for outputting a sec- 
ond detection signal the level of which becomes a 
predetermined level while the output level of the 
amplifier means becomes higher than a level of a 

55 second reference signal; (e) interrupt signal gen- 
erating means for generating an interrupt signal 
representing that both levels of the first and second 
detection signals become identical to the predeter- 
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mined level; (f) hold means for holding a peak 
value of the higher harmonic component in re- 
sponse to a timing of the second detection signal; 
(g) analog-to-digital converter means for converting 
the peak value of the higher harmonic component 
into digital data representing the intensity of im- 
pulse; (h) central processing means for converting 
the digital data into tone pitch data representing a 
tone pitch of a musical tone in response to the 
timing of the interrupt signal; and (i) musical tone 
generating means for generating a musical tone 
based on the tone pitch data. 

in a seventh aspect of the invention, there is 
provided a musical tone control apparatus compris- 
ing: (a) a first integration circuit for integrating an 
acceleration signal outputted from an acceleration 
sensor which detects an acceleration of an object 
so as to convert the acceleration signal into a 
speed signal representing a moving speed of the 
object; (b) a second integration circuit for integrat- 
ing the speed signal so as to convert the speed 
signal into a distance signal representing a moving 
distance of the object; (c) control means for con- 
trolling integration actions of the first and second 
integration circuit based on a level of the accelera- 
tion signal in a predetermined period; and (d) gen- 
erating means for generating a musical tone signal 
in accordance with the distance signal. 

In an eighth aspect of the invention, there is 
provided a musical tone control apparatus compris- 
ing: (a) a first integration circuit for integrating an 
acceleration signal outputted from an acceleration 
sensor which detects an acceleration of the object 
so as to convert the acceleration signal into a 
speed signal representing a moving speed of the 
object; (b) a second integration circuit for integrat- 
ing the speed signal so as to convert the speed 
signal into a distance signal representing a moving 
distance of the object; and (c) control means for 
controlling integration actions of the first and sec- 
ond integration circuit based on a level of the 
acceleration signal in an acceleration increasing 
period when the acceleration of the object is in- 
creasing, the control means outputting an interrupt 
signal at a timing when the acceleration increasing 
period is ended; (d) a central processing unit sup- 
plied with the interrupt signal; (e) analog-to-digital 
converter means for converting the speed signal 
and the distance signal into respective digital data 
at a timing of the interrupt signal under a control of 
the central processing unit; (f) register means for 
storing the digital data therein, the central process- 
ing unit reading out the digital data stored in the 
register means so as to output the digital data 
corresponding to the speed signal as volume data 
and also output the digital data corresponding to 
the distance signal as tone pitch data; (g) sound 
generator means for generating a musical tone 



signal representing a musical tone having a volume 
corresponding to the volume data and a tone pitch 
corresponding to the tone pitch data; and (h) musi- 
cal tone generating means for generating the musi- 
5 cal tone based on the musical tone signal. 

In a ninth aspect of the invention, there is 
provided a musical tone control apparatus compris- 
ing: (a) detecting means for detecting characteris- 
tics of a tone which is generated based on an 
10 action of a player; and (b) means for generating 
musical tone control data based on a detecting 
result of the detecting means. 

In a tenth aspect of the invention, there is 
provided a musical tone control apparatus compris- 
es ing: (a) detecting means for detecting a bending or 
revolving movement of a joint of a player; and (b) 
means for generating musical tone control data 
which control a musical tone signal based on a 
detecting result of the detecting means. 
20 In an eleventh aspect of the invention, there is 

provided a musical tone control apparatus compris- 
ing: (a) detecting means for detecting a bending 
angle or a revolving angle of a predetermined 
portion of a player; and (b) means for generating 
25 musical tone control data which control a musical 
tone signal based on a detecting result of the 
detecting means. 

In a twelfth aspect of the invention, there is 
provided a musical tone control apparatus compris- 
30 ing: (a) angle detecting means for detecting an 
angle formed between an object and a reference 
plane and generating an angle signal representative 
of the detected angle; and (b) means for generating 
musical tone control data which control an external 
35 musical tone generating apparatus based on the 
angle signal. 

In a thirteenth aspect of the invention, there is 
provided a musical tone control apparatus compris- 
ing: (a) detecting means for detecting a position of 
40 at least a predetermined portion of a player's body 
with respect to a reference point; and (b) generat- 
ing means for generating musical tone control data 
which control the musical tone based on a detect- 
ing result of the detecting means, the musical tone 
45 control data being supplied to the musical tone 
generating apparatus. 

In a fourteenth aspect of the invention, there is 
provided a musical tone control apparatus compris- 
ing: (a) detecting means mounted on in the vicinity 
50 of a joint portion of a player, the detecting means 
detecting an angle of the joint portion; (b) means 
for detecting a revolving angular velocity of the 
joint portion based on a variation of the angle 
detected by the detecting means in lapse of time; 
55 and (c) generating means for generating a musical 
tone signal in accordance with the distance signal. 

In a fifteenth aspect of the invention, there is 
provided a musical tone control apparatus compris- 
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ing: (a) a hollow case; (b) a plurality of contacts 
arranged within the inside of the hollow case; (c) 
conductive fluid enclosed within the hollow case, 
the conductive fluid moving or flowing in response 
to an inclination of the hollow case so as to elec- 
trically connect between two contacts among the 
plural contacts, the hollow case generating an an- 
gle signal representative of the inclination of the 
hollow case in response to connected contacts; 
and (d) generating means for generating musical 
tone control data which control a musical tone to 
be generated based on the angle signal. 

Further objects and advantages of the present 
invention will be apparent from the following de- 
scription, reference being had to the accompanying 
drawings wherein preferred embodiments of the 
present invention are clearly shown. 
In the drawings: 
Fig. 1 is a circuit diagram showing an embodi- 
ment of a musical tone generating apparatus 
employing an impulse detector according to the 
present invention; 

Figs. 2(a) to 2(i) show waveforms at several 
points in the impulse detector shown in Fig. 1; 
Fig. 3 is a circuit diagram showing an embodi- 
ment of a motion detector according to the 
present invention; 

Figs. 4(a) to 4(f) show waveforms at several 
points within the motion detector shown in Fig. 
3; 

Fig. 5 is a block diagram showing an embodi- 
ment of a musical tone generating apparatus 
employing the motion detector shown in Fig. 3; 
Fig. 6 is a block diagram showing an embodi- 
ment of a musical tone generating apparatus 
employing an angular velocity detector accord- 
ing to the present invention; 
Fig. 7 shows an appearance of a player who is 
mounted by the angular velocity detector shown 
in Fig. 6; 

Fig. 8 shows another appearance of a player 
who is mounted by a modified embodiment of 
the angular velocity detector according to the 
present invention; 

Fig. 9 shows an appearance of the player who is 
mounted with a second embodiment of a musi- 
cal tone generating apparatus according to the 
present invention; 

Fig. 10 is a block diagram showing an electric 
constitution of the second embodiment shown in 
Fig. 9; 

Fig. 11 is a perspective view showing an ap- 
pearance of a detecting portion 502 for a right 
elbow of the player; 

Fig. 12 is a perspective view showing a me- 
chanical constitution of of the detecting portion 
502; 

Fig. 13 is a perspective view showing a detect- 



ing portion 504 for a right hand of the player; 
Fig. 14 is a perspective view showing an internal 
constitution of the detecting portion 504; 
Figs. 15A and 15B are sectional views respec- 
5 tively showing the internal constitution of the 
detecting portion 504; 

Fig. 16 is a perspective view showing a partial 
view of a first modified embodiment of the sec- 
ond embodiment shown in Fig. 9; 

io Fig. 17 shows an appearance of the player who 
is mounted with the first modified embodiment; 
Fig. 18 shows an appearance of the player who 
is mounted with a second modified embodiment 
of the second embodiment shown in Fig. 9; 

15 Figs. 19A to 19C show drawings for explaining 
an example of an arrangement of piezoelectric 
elements provided within the ultrasonic transmit- 
ter and the ultrasonic receiver; 
Fig. 20 is a block diagram showing an electric 

20 constitution of the second modified embodiment 
of the second embodiment; 
Fig. 21 is a block diagram showing a third 
embodiment of the present invention; 
Fig. 22 shows an appearance of a stick 601 

25 used in the third embodiment; 

Fig. 23 shows a mechanical constitution of a 
angle detector 602 provided in the stick 601; 
Fig. 24 shows a construction of detecting 
switches a to d which are mounted on the angle 

30 detector 602; 

Fig. 25 shows a relation between relative posi- 
tions and on/off states of the detecting switches 
a to d; 

Fig. 26 shows a relation among the on/off states 
35 of the detecting switches a to d, tone pitches 
and key code data KC; 

Figs. 27 and 28 are flowcharts showing oper- 
ations of a CPU 610 used in the third embodi- 
ment; 

40 Figs. 29A to 29I are drawings for explaining an 
operation and a performance of the third em- 
bodiment; 

Fig. 30 shows a rhythm stick 701 R for a right 
hand and a rhythm stick 701 L for a left hand 
45 used in a fourth embodiment of the present 
invention; 

Fig. 31 is a block diagram for explaining a 
musical tone generating operation of the fourth 
embodiment; 

50 Fig. 32 is a drawing for explaining an operation 
for generating a melody tone in the fourth em- 
bodiment; 

Fig. 33 is a drawing for explaining an operation 
for generating an accompaniment tone in the 
55 fourth embodiment; 

Fig. 34A shows an angle detector which is 

mounted at a right elbow of the player; 

Fig. 34B shows an angle detector which is 
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mounted on a right shoulder of the player; 

Fig. 35 shows a detailed appearance of the 

angle detector shown in Fig. 34A; 

Fig. 36 is a perspective view showing a noise 

generator used in a fifth embodiment of the s 

present invention; 

Fig. 37 shows a waveform of an output signal of 
a microphone provided in the noise generator 
shown in Fig. 36; and 

Fig. 38 is a block diagram showing a circuit 10 
constitution of the fifth embodiment of the 
present invention. 
Referring now to the drawings, wherein like 
reference characters designate like or correspond- 
ing parts throughout the several views. 75 

The present invention relates to a musical tone 
control apparatus which controls the musical tones 
based on the movement of the object such as a 
player's hand and the like. This movement of the 
player's hand, such as a moving speed, a moving 20 
force or a moving angle of the object, must be 
detected by a detector. Hence, first description will 
be given with respect to [I] DETECTOR, and next 
description will be given with respect to [II] MUSI- 
CAL TONE GENERATING APPARATUS. 25 

[I] DETECTOR 

The detector according to the present invention 
can be classified into an impulse detector, a motion 30 
detector, an angular velocity detector and an angle 
sensor. Hence, description will be given with re- 
spect to these detectors and the sensor sequen- 
tially. 

35 

(1) IMPULSE DETECTOR 

Fig. 1 shows a circuit constitution of an em- 
bodiment of the musical tone generating apparatus 
employing the impulse detector according to the 40 
present invention. In Fig. 1, 11 designates an ac- 
celeration sensor which has a vibrator made of an 
organic material or an inorganic material having 
piezoelectric characteristics. As such organic ma- 
terial, a piezo-plastic and the like are used. As such 45 
inorganic material, a crystal, a Rochelle salt, a 
barium titanate and the like are used. In the 
present embodiment, the piezo-plastic is used as 
an organic vibrator, the circumference of which is 
fixed so that the vibrator has a diaphragm struc- 50 
ture. 

The above-mentioned acceleration sensor 1 1 
converts the acceleration into the voltage signal, 
hence, the acceleration sensor 11 generates and 
outputs an output voltage V a as shown in Fig. 2(a). 55 
Next, 12 in Fig. 1 designates a resistor having a 
resistance of Rt (Ohm), and one terminal of the 
resistor 12 is connected to an output terminal of 



the acceleration sensor 11. In addition, 13 des- 
ignates a capacitor having a capacitance of C1 (F), 
another terminal of the resistor 12 is grounded via 
the capacitor 13. These resistor 12 and capacitor 
13 constitute a lowpass filter 14 having a time 
constant of R1C1 (seconds). The connection point 
between the resistor 12 and the capacitor 13 is 
connected to a non-inverting input terminal ( + ) of a 
comparator 15. Similar to the resistor 12, one ter- 
minal of a resistor 16 having a resistance of R 2 - 
(Ohm) is connected to the output terminal of the 
acceleration sensor 11, and another terminal of the 
resistor 16 is grounded via a capacitor 17 having a 
capacitance of C 2 . These resistor 16 and capacitor 
17 constitute a lowpass filter 18 having a time 
constant of R 2 C 2 (seconds). In the present embodi- 
ment, the time constant R2C2 is set approximately 
ten times of the time constant R1C1. More con- 
cretely, the time constant R2C2 is set equal to 0.5 
milli-second and the time constant R1C1 is set 
equal to 50 micro-seconds. 

The connection point between the resistor 16 
and the capacitor 17 is connected to an anode of a 
diode 19, and an inverting input terminal (-) of the 
comparator 15 is connected to a cathode of the 
diode 19. Similar to the diode 19, a cathode of a 
diode 20 is connected to the inverting input termi- 
nal of the comparator 15. One terminal of a resistor 
21 is connected to an anode of the diode 20, 
hence, the diode 20 and the resistor 21 constitutes 
a serial circuit which supplies a reference voltage 
V r1 to the inverting input terminal of the comparator 
15. 

One terminal of a capacitor 24 is connected to 
the output terminal of the acceleration sensor 11, 
and another terminal of the capacitor 24 is con- 
nected to an input terminal of an amplifier 25 which 
is grounded via a resistor 26. The resistor 26 and 
the capacitor 24 constitute a highpass filter 27. 

One terminal of a resistor 28 is connected to 
the output terminal of the amplifier 25, and another 
terminal of the resistor 28 is connected to a non- 
inverting input terminal ( + ) of a comparator 29. in 
addition, one terminal of a resistor 30 having a 
resistance of R3 (which is provided at an inverting 
input terminal (-) side of the comparator 29) is 
connected to the output terminal of the amplifier 
25. Another terminal of the resistor 30 is connected 
to an anode of a diode 31 and is also grounded via 
a capacitor 32 having a capacitance of C 3 . The 
resistor 30 and the capacitor 32 constitute a 
lowpass filter 32 having a time constant of R 3 C 3 .A 
cathode of diode 31 is connected to the inverting 
input terminal of the comparator 29. Similar to the 
diode 31, a cathode of diode 34 is connected to 
the inverting input terminal of the comparator 29, 
whereas an anode of diode 34 is connected to one 
terminal of a resistor 35. The diode 34 and the 
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resistor 35 constitute a serial circuit which supplies 
a reference voltage V r2 to the inverting input termi- 
nal of the comparator 29. 

Meanwhile, 22 designates an AND gate having 
two input terminals, one of which is connected to 
the output terminal of the comparator 15. In addi- 
tion, a data input terminal D of a D flip-flop 23 is 
connected to the output terminal of the comparator 
15, and a clock input terminal of the D flip-flop 23 
is connected to the output terminal of the compara- 
tor 29. Furthermore, the D flip-flop 23 has a reset 
terminal R, and an output terminal Q of the D flip- 
flop 23 is connected to another input terminal of 
the AND gate 22. This D flip-flop 23 stores data 
supplied to the data input terminal D thereof at a 
leading edge timing of a pulse signal supplied to 
the clock input terminal thereof. 

Next, an input terminal of an analog switch 36 
is connected to the output terminal of the amplifier 
25, and a gate terminal of the analog switch 36 is 
connected to the output terminal of the comparator 
29. And an output terminal of the analog switch 36 
is connected to an input terminal of an analog-to- 
digital (A/D) converter 38 which is grounded via a 
capacitor 37. This capacitor 37 is provided for 
holding a peak value of an analog signal supplied 
to the A/D converter 38 via the analog switch 36. 

Next, a central processing unit (CPU) 39 is 
connected to the output terminal of the AND gate 
22, the reset terminal R of the D flip-flop 23 and a 
digital output terminal of the A/D converter 38. The 
CPU 39 outputs data D p to a musical tone signal 
generating circuit 41 wherein a musical tone signal 
Ap corresponding to the data D p is generated. The 
musical tone signal Ap is supplied to a speaker 43 
wherein a musical tone corresponding to the musi- 
cal tone signal Ap is generated. 

Next, description will be given with respect to 
an operation of the musical tone generating ap- 
paratus shown in Fig. 1 in conjunction with Fig. 2. 
The acceleration sensor 1 1 is mounted on a part of 
the player, i.e., a palm of the player's hand, for 
example. This acceleration sensor 1 1 generates the 
voltage signal V a shown in Fig. 2(a) at a timing 
when the player claps his hands. Such signal V a is 
inputted to the non-inverting input terminal of the 
comparator 15 via the lowpass filter 14, and the 
signal V a is also inputted to the inverting input 
terminal of the comparator 15 via the lowpass filter 
18. In this case, the non-inverting input terminal of 
the comparator 15 is supplied with a signal 
V b b(shown in Fig. 2(b)) which is obtained by delay- 
ing the signal V a by a delay time corresponding to 
the time constant Ri Ci (sec) of the lowpass filter 
14. Similarly, the inverting input terminal of the 
comparator 15 is supplied with a signal V c (shown 
in Fig. 2(b)) which is obtained by delaying the 
signal V a by a delay time corresponding to the time 



constant R 2 C 2 (sec) of the lowpass filter 18. 

Meanwhile, the diode 19 is inserted between 
the lowpass filter 18 and the inverting input termi- 
nal of the comparator 15. This diode 19 is subject 
5 to a bias state in backward direction when the level 
of the output signal of the lowpass filter 18 is lower 
than that of the reference voltage V r1 .whereby the 
diode 1 9 is turned off and the reference voltage V r1 
is supplied to the inverting input terminal of the 
io comparator 15. On the contrary, the diode 19 is 
subject to a bias state in forward direction when the 
level of the output signal of the lowpass filter 18 is 
higher than that of the reference voltage V r1 , 
whereby the diode 19 is turned on and the output 
75 signal of the lowpass filter 18 is supplied to the 
inverting input terminal of the comparator 15. 

As described before, the time constant Ri Ci is 
set smaller than the time constant R2C2, hence, the 
phase of the signal V c is delayed behind that of the 
20 signal V b . As a result, the comparator 15 outputs a 
pulse signal V d (shown in Fig. 2(c)), the level of 
which rises up to a high (H) level while the level of 
the signal V b is higher than that of the signal V c . 
On the other hand, the voltage signal V a outputted 
25 from the acceleration sensor 11 is also supplied to 
the highpass filter 27 wherein a higher harmonic 
component signal is extracted from the signal V a . 
The level of such extracted signal is amplified in 
the amplifier 25 so that the amplifier 25 outputs a 
30 signal V e as shown in Fig. 2(d). 

The signal V e is supplied to the non-inverting 
input terminal of the comparator 29 via the resistor 
28. In addition, the signal V e is also supplied to the 
lowpass filter 33 wherein the signal V e is subject to 
35 a time delay (or an integration operation). As de- 
scribed before, the diode 31 is inserted between 
the lowpass filter 33 and the inverting input termi- 
nal of the comparator 29, and the reference voltage 
V r2 is supplied to the inverting input terminal of the 
40 comparator 29. Hence, the reference voltage V r2 
must be always supplied to the inverting input 
terminal of the comparator 29 while the level of the 
output signal of the lowpass filter 33 is lower than 
that of the reference voltage V r2 . On the contrary, 
45 the output signal of the lowpass filter 33 is supplied 
to the inverting input terminal of the comparator 29 
while the level of the output signal of the lowpass 
filter 33 is higher than that of the reference voltage 
V r2 . As a result, a signal V f shown in Fig. 2(d) is 
so inputted into the inverting input terminal of the 
comparator 29. 

Thus, the comparator 29 outputs a pulse signal 
V g havingthe H level (as shown in Fig. 2(e)) while 
the level of the signal V e is higher than that of the 
55 signal V f . 

The above-mentioned signal V g is supplied to 
the clock input terminal of the D flip-flop 23 as the 
clock signal. Since the signal V d (shown in Fig. 2- 
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(c)) is supplied to the data input terminal D of the D 
flip-flop 23, the D flip-flop 23 stores the signal V d at 
a leading edge timing of the signal V g and outputs 
an output signal V h (shown in Fig. 2(f)) via an 
output terminal Q thereof. The logical product of 
the signals V h and V d is obtained in the AND gate 
22. Hence, the AND gate 22 outputs a signal V, - 
(shown in Fig. 2(g)). This signal V, is supplied to 
the CPU 39 as an interrupt signal. 

On the other hand, when the signal V g is out- 
putted from the comparator 29, the analog switch 
36 is turned on. For this reason, the capacitor 37 is 
charged by the signal V B , and the peak value of the 
signal V e is held by the capacitor 37. Fig. 2(h) 
shows a waveform of a voltage signal Vj held by 
the capacitor 37. Such voltage signal Vj is con- 
verted into the corresponding digital data D d in the 
A/D converter 38, and such digital data D d are 
supplied to the CPU 39. 

The interrupt signal V f is supplied to the CPU 
39 wherein a signal RACK (shown in Fig. 2(i)) is 
generated and outputted to the reset terminal R of 
the D flip-flop 23, whereby the D flip-flop 23 is 
reset. Thereafter, the CPU 39 stores the digital data 
D d outputted from the A/D converter 38. Next, the 
CPU 39 converts the stored digital data D d into 
tone pitch data D p designating the tone pitch of the 
musical tone, and the tone pitch data D p are sup- 
plied to the musical tone signal generating circuit 
41. The musical tone signal generating circuit 41 
generates the musical tone signal designating the 
tone pitch corresponding to the tone pitch data D p . 
This musical tone signal is outputted to the speaker 
43, whereby the speaker 43 generates the musical 
tone having the tone pitch corresponding to the 
intensity of the impulse given to the acceleration 
sensor 11 mounted on the players hand. 

As described before, the acceleration sensor 
11 can be fixed at a predetermined part of the 
player. According to the constitution of the present 
embodiment, it is possible to generate a musical 
tone having a tone pitch corresponding to an inten- 
sity of hand clapping, an intensity of step shock 
occurred between a floor and the feet of the player. 

In addition, the present embodiment generates 
the musical tone having the tone pitch correspond- 
ing to the intensity of impulse detected by the 
acceleration sensor 11. However, the impulse de- 
tector according to the present invention is not 
limited to the present embodiment. For example, it 
is possible to constitute the impulse detector so 
that a volume or the tone color of the musical tone 
is varied in response to the intensity of impulse. 

Furthermore, it is possible to constitute the 
impulse detector so that the tone colors of the 
musical tones are controlled independently based 
on the signal V b (shown in Fig. 2(b)) and the signal 
V e (shown in Fig. 2(d)). For example, a musical 



tone of the bass drum can be controlled by the 
signal V b , and another musical tone of a cymbal 
can be controlled by the signal V e . In such a 
constitution, two kinds of musical tones can be 

5 controlled by use of only one detector (i.e., only 
one acceleration sensor 11). 

As described heretofore, the impulse detector 
according to the present invention can eliminate 
detecting errors caused by touching noise and the 

io like, and the present impulse detector can detect 
the intensity of impulse with accuracy. 

(2) MOTION DETECTOR 

*s Fig. 3 is a circuit diagram showing an embodi- 

ment of a motion detector according to the present 
invention. More specifically, the circuit shown in 
Fig. 3 generates signals corresponding to a speed 
and a moving distance of an object to be detected 

20 by integrating an output signal of an acceleration 
sensor. 

In Fig. 3, 101 designates an input terminal 
which is supplied with an acceleration signal Al 
outputted from a piezoelectric type acceleration 
25 sensor S a . 

Meanwhile, a resistor 104 is inserted between 
the input terminal 101 and an inverting input termi- 
nal (-) of an operational amplifier 103, and a ca- 
pacitor 105 is inserted between the inverting input 

30 terminal and the output terminal of the operational 
amplifier 103. In addition, a non-inverting input ter- 
minal ( + ) of the operational amplifier 1 03 is 
grounded. The output terminal of the operational 
amplifier 103 is connected to a terminal 107 and 

35 also connected to an inverting input terminal (-) of 
an operational amplifier 109 (the non-inverting input 
terminal of which is grounded) via a resistor 111. 
The above-mentioned operational amplifier 103, the 
resistor 104 and the capacitor 105 constitute an 

40 integration circuit 102. Both terminals of the capaci- 
tor 105 are connected to respective contacts of a 
reed relay 106. 

Similar to the integration circuit 102, the oper- 
ational amplifier 109, the resistor 111 and a capaci- 

45 tor 112 constitute an integration circuit 108. The 
output terminal of the integration circuit 108 (i.e., 
the connection point between the operational am- 
plifier 109 and the capacitor 112) is connected to a 
terminal 114. Both terminals of the capacitor 112 

so are connected to respective contacts of a reed 
relay 113. Both of one terminals of the reed relays 
106 and 113 are connected to an output terminal of 
a delay circuit 122, and both of another terminals 
of the reed relays 106 and 113 are grounded. In 

55 this case, it is possible to displace the reed relays 
106 and 113 by semiconductor switches. 

The above-mentioned integration circuits 102 
and 108 constitute a data converting section CHN. 
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Next, a non-inverting input terminal of a com- 
parator 117 is connected to the input terminal 101 
via a resistor 118. In addition, an inverting input 
terminal of the comparator 117 is connected to the 
input terminal 101 and also grounded via a capaci- 
tor 120. In this case, the resistor 119 and the 
capacitor 120 constitute an integration circuit which 
generates a signal Aid by delaying the acceleration 
signal Al. The output terminal of the comparator 
117 is connected to an input terminal T of a flip- 
flop 121 and also connected to an input terminal of 
the delay circuit 122. 

The above-mentioned comparator 117, the re- 
sistors 118 and 119, and the capacitor 120 con- 
stitute a phase-shift/peak-detection circuit 116. 

This phase-shift/peak-detection circuit 116 
compares the level of the acceleration signal Al 
(which is supplied to the input terminal 101) and 
that of the signal Aid (which is obtained by delay- 
ing the acceleration signal Al) and outputs a pulse 
signal corresponding to the comparing result there- 
of. For example, when the acceleration signal Al 
(shown in Fig. 4(a)) is supplied to the input terminal 
101 at a time to, the acceleration signal Al is 
supplied to the non-inverting input terminal of the 
comparator 117 via the resistor 118. In addition, the 
signal Aid (as shown by a dashed line in Fig. 4(a)) 
is generated by delaying the signal Al in the in- 
tegration circuit (which is constituted by the resistor 
119 and the capacitor 120), and this signal Aid is 
supplied to the inverting input terminal of the com- 
parator 1 1 7. As a result, the comparator 1 1 7 com- 
pares the levels of the signals Al and Aid, and an 
output signal U (shown in Fig. 4(b)) of the com- 
parator 117 becomes identical to a "1" signal (i.e., 
a signal having a logical level "1 ") during times to 
to ti while the level of the acceleration signal Al is 
larger than that of the signal Aid. As shown in Fig. 
4(a), the time ti is almost identical to a peak time 
when the level of the acceleration signal Al reaches 
at a peak level. More specifically, the signal Aid is 
identical to a delay signal of the acceleration signal 
Al, hence, a time when the level of the signal Aid 
becomes larger than that of the acceleration signal 
Al must be delayed behind the peak time of the 
acceleration signal AL However, it is possible to 
identify the peak time of the acceleration signal Al 
with the time when the level of the signal Aid 
becomes larger than that of the acceleration signal 
Al by properly setting the delay time of the signal 
Aid smaller. 

Next, the output signal of the flip-flop 121 is 
inverted at every time when the level of the input 
signal U thereof falls down. This flip-flop 121 has 
an output terminal Q which is connected to a 
terminal 123 and a reset terminal R which is con- 
nected to a terminal 124. The flip-flop 121 outputs 
a signal IR (shown in Fig. 4(c)) to an external 



device which outputs a reset signal RES so as to 
reset the flip-flop 121 when the signal IR rises up 
to the "1 " signal. 

The delay circuit 122 delays a trailing edge 
5 timing of the signal U so as to enlarge the pulse 
width of the signal U. As shown in Fig. 4(d), the 
trailing edge timing h of an output signal DL of the 
delay circuit 122 is delayed behind the trailing 
edge timing ti of the signal U by 20 micro-seconds 
10 to 100 micro-seconds in the present embodiment. 

The above-mentioned phase-shift/peak-detec- 
tion circuit 116, the delay circuit 122 and the flip- 
flop 121 constitute a data control section CTL. 

Next, description will be given with respect to 
75 operations of the motion detector shown in Fig. 3 in 
conjunction with Figs. 4(a) to 4(f). 

When the acceleration signal Al is supplied to 
the input terminal 101, such acceleration signal Al 
is simultaneously supplied to the data control sec- 
20 tion CTL and the data converting section CHN. 

First, description will be given with respect to 
the operation of the data control section CTL. 

When the acceleration signal Al is supplied to 
the phase-shift/peak-detection circuit 116 via the 
25 input terminal 101, the output signal U of the 
phase-shift/peak-detection circuit 116 rises up to 
the "1 " signal. Thereafter, the level of the signal U 
falls down to a "0" signal (i.e., a signal having a 
logical level "0") at the time ti when the amplitude 
30 of the acceleration signal Al becomes to the maxi- 
mum value. At the same time, the output signal IR 
of the flip-flop 121 rises up to the "1" signal, and 
such "1" signal is supplied to the external device 
via the terminal 123. As a result, the external de- 
35 vice supplies the reset signal RES to the reset 
terminal R of the flip-flop 121 via the terminal 124, 
whereby the signal IR falls down to the n 0" signal. 
On the other hand, when the signal U rises up to 
the "1" signal, the output signal DL of the delay 
40 circuit 122 rises up to the "1" signal. The period 
while the signal DL is at the "1 " signal continues 
by 20 micro-seconds to 100 micro-seconds after 
the signal U falls down to the "0" signal. Relay 
coils of the reed relays 106 and 113 are mag- 
45 netized (in a period between the times to to t3) 
while the signal DL is at the "1" signal. Thus, the 
contacts of the reed relays 106 and 113 are 
opened in the period between the times to to t3. 
Next, description will be given with respect to 
so the operation of the data converting section CHN. 

The integration circuits 102 and 108 do not 
work while the reed relays 106 and 113 are closed. 
At the time to when the acceleration signal Al is 
supplied to the input terminal 101, the contacts of 
55 the reed relays 106 and 113 are opened and the 
integration circuits 102 and 108 start to work. More 
specifically, the integration circuit 102 integrate the 
acceleration signal Al so as to output a signal DV in 
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the period between the times to and Since the 
signal DV is obtained by integrating the accelera- 
tion signal Al in an acceleration increasing period 
between the times to to ti , the value of the signal 
DV represents a maximum speed at a time when < 
the acceleration increasing period for the object to 
be detected is ended. On the other hand, the 
integration circuit 108 integrates the output signal 
DV of the integration circuit 102 while the output 
signal DL of the delay circuit 122 is at the "1" i 
signal, so that the integration circuit 108 generates 
a signal DD. Since the signal DD is obtained by 
integrating the (speed) signal DV f the value of the 
signal DD represents a moving distance which is 
measured until the acceleration of the object be- h 
comes identical to the maximum. 

As described heretofore, the present embodi- 
ment detects the acceleration by every minute 
period based on the acceleration signal Al output- 
ted from the acceleration sensor S a and performs 21 
an integration operation on the detected accelera- 
tion in the minute period (i.e., the acceleration 
increasing period). Hence, the present embodiment 
can detects characteristics of the motion of the 
object to be detected. 2 t 

In addition, the present embodiment can obtain 
the moving speed and the moving distance of the 
object to be detected by use of a simple circuit 
constitution (using three operational amplifiers, one 
flip-flop and a plurality of resistors, capacitors and 30 
reed relays). Hence, the present embodiment can 
save money. 

Incidentally, it is possible to apply a musical 
tone generating unit 125 (as shown in Fig. 5) as an 
external control device. Next, description will be 35 
given with respect to the operation of the circuit 
shown in Fig. 5. 

In Fig. 5, when the flip-flop 121 outputs the 
signal IR to a central processing unit (CPU) 130 as 
an interrupt signal, the CPU 130 supplies the reset 40 
signal RES to the flip-flop 121. Meanwhile, analog- 
to-digital converters (A/D converters) 126 and 127 
hold the levels of the signals DV and DD at a time 
t2 (shown in Fig. 4) when the reset signal RES is 
outputted from the CPU 130. At the same time, the 45 
A/D converters 126 and 127 start to convert the 
held signals DV and DD into respective digital data, 
and such digital data are stored respectively in the 
registers 128 and 129. Thereafter, the digital data 
stored in the registers 128 and 129 are supplied to 50 
and stored in the CPU 130 via a data bus 131. 
Thereafter, the CPU 130 reads out the data stored 
in the registers 128 and 129 and the read data are 
supplied to the sound generator 132 via the data 
bus 131. In this case, the CPU 130 supplies the 55 
data stored in the register 128 to the sound gener- 
ator 132 as volume control data, and the CPU 130 
supplies the data stored in the register 129 to the 



sound generator 132 as tone pitch data. As a 
result, the sound generator 133 generates and out- 
puts a musical tone signal having a volume and a 
tone pitch respectively corresponding to the signals 
DV and DD to a sound system 133. Under the 
control of the sound system 133, a speaker 134 
generates a musical tone corresponding to the 
signals DV and DD. 

The meanings of the above-mentioned signals 
DV and DD are not limited to the volume and the 
tone pitch. For example, the signal DV can be 
modified into a signal for controlling a "regist", and 
the signal DD can be modified into a signal for 
controlling a tone color of musical tone (such as 
tones of a flute, the piano and the like). 

The above "regist" represents preset oper- 
ations of several kinds of levers which are arranged 
on an operation panel (not shown). 

When the regist is controlled by varying the 
signal DV, the regist condition can be varied in 
accordance with the movement of the human body 
and the like. Hence, it is possible to obtain a new 
musical effect other than the conventional musical 
effect which is controlled by a manual operation. 

(3) ANGULAR VELOCITY DETECTOR 

Fig. 6 is a block diagram showing an embodi- 
ment of a musical tone generating apparatus em- 
ploying an angular velocity detector according to 
the present invention, and Fig. 7 shows a perspec- 
tive view of the player who wears the musical tone 
generating apparatus shown in Fig. 6. 

In Fig. 6, 201 designates a musical tone gen- 
erating unit, 202a and 202b designate ultrasonic 
transmitters, and 203a and 203b designate ultra- 
sonic receivers. As shown in Fig. 7, the musical 
tone generating unit 201 and the ultrasonic receiv- 
ers 203a and 203b are worn at a waste of a player 
by use of a belt 204. The ultrasonic transmitters 
202a and 202b are respectively worn at predeter- 
mined portions of right and left arms of the player 
by use of mounting members 205 such as support- 
ers so that the ultrasonic transmitters 202a and 
202b respectively face with the ultrasonic receivers 
203a and 203b. These ultrasonic transmitters 202a 
and 202b are constructed by piezoelectric ele- 
ments such as barium titanate vibrators and the 
like. When a high frequency voltage is applied to 
the ultrasonic transmitters 202a and 202b, these 
ultrasonic transmitters 202a and 202b generate ul- 
trasonic waves. In addition, the ultrasonic receivers 
203a and 203b generate the high frequency vol- 
tages when these ultrasonic receivers 203a and 
203b receives the ultrasonic wave. In this case, two 
or three transmitting piezoelectric elements are ar- 
ranged radially within the ultrasonic transmitters 
202a and 202b so as to radiate the ultrasonic 
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waves therefrom by an angular range of 180 de- 
grees. Similarly, two or three receiving piezoelec- 
tric elements are arranged radially within the ultra- 
sonic receivers 203a and 203b so as to receive 
and detect the ultrasonic waves radiated from the s 
ultrasonic transmitters 202a and 202b. As a result, 
even when relative position relations between the 
ultrasonic transmitters 202a and 202b and the ultra- 
sonic receivers 203a and 203b are changed, the 
ultrasonic waves radiated from the ultrasonic trans- io 
mitters 202a and 202b can always reach at the 
ultrasonic receivers 203a and 203b, regardless of 
the change of the above relative position relations. 

Next, description will be given with respect to 
the musical tone generating unit 201. In the musi- 75 
cal tone generating unit 201, 210 designates a start 
pulse generator which generates a start pulse SP L 
having a constant cycle. This start pulse SP L is 
supplied to an input terminal of an ultrasonic pulse 
generator 21 1 and respective set input terminals S 20 
of reset-set (R-S) flip-flops 212a and 212b. The 
start pulse SP L triggers the ultrasonic pulse gener- 
ator 211 wherein an ultrasonic pulse UP L is gen- 
erated and outputted to the ultrasonic transmitters 
202a and 202b, whereby the ultrasonic waves hav- 25 
ing constant cycles are radiated from the ultrasonic 
transmitters 202a and 202b. When the ultrasonic 
waves reach at the ultrasonic receivers 203a and 
203b, the ultrasonic receivers 203a and 203b gen- 
erate high frequency voltages respectively. 30 

The high frequency voltage outputted from the 
ultrasonic receiver 203a is supplied to an amplifier 
213a wherein the high frequency voltage is am- 
plified. Thus, the amplifier 213a outputs an am- 
plified signal Sa to a diode 214a wherein the am- 35 
plified signal Sa is rectified. Thereafter, the diode 
214a outputs the rectified signal of the signal Sa to 
a reset input terminal R of the R-S flip-flop 212a. 
This R-S flip-flop 212a is set by the start pulse SP L 
and reset by the output signal of the diode 214a. 40 
Thus, a signal Sai outputted from an output termi- 
nal Q of the R-S flip-flop 212a has a pulse width 
which corresponds to a distance R between the 
ultrasonic transmitter 202a and the ultrasonic re- 
ceiver 203a. Such signal Sai is supplied to one 45 
input terminal of an AND gate 215a. While the 
signal Sai is supplied to the AND gate 215a, this 
signal Sai opens the AND gate 215a wherein a 
clock pulse CP is passed through and supplied to a 
clock input terminal CK of a counter 216a. The 50 
counter 216a counts up the clock pulse CP and 
outputs a counting value thereof as distance mea- 
suring data LR. The value of such distance mea- 
suring data LR corresponds to the distance R be- 
tween the ultrasonic transmitter 202a and the ultra- 55 
sonic receiver 203a. 

Meanwhile, the high frequency voltage gen- 
erated by the ultrasonic receiver 203b is supplied 



to an amplifier 213b wherein the high frequency 
voltage is amplified. Thus, the amplifier 213b out- 
puts an amplified signal Sb to a diode 214b 
wherein the signal Sb is rectified. Thereafter, the 
rectified signal of the signal Sb is supplied to a 
reset input terminal R of the R-S flip-flop 212b. 
This R-S flip-flop 212b is set by the start pulse SP L 
and reset by the output signal of the diode 214b. 
Thus, a signal Sbi outputted from an output termi- 
nal Q of the R-S flip-flop 212b has a pulse width 
which corresponds to a distance L between the 
ultrasonic transmitter 202b and the ultrasonic re- 
ceiver 203b. Such output signal Sbi is supplied to 
one input terminal of an AND gate 215b. While the 
signal Sbi is supplied to the AND gate 215b, the 
signal Sbi opens the AND gate 215b wherein the 
clock pulse CP is passing through and supplied to 
a clock input terminal CK of a counter 216b. This 
counter 216b counts up the clock pulse CP and 
outputs the counting value thereof as distance 
measuring data LL. The value of such distance 
measuring data LL corresponds to a distance L 
between the ultrasonic transmitter 202b and the 
ultrasonic receiver 203b. As described heretofore, 
an ultrasonic distance measuring circuit 220 is con- 
stituted by the above-mentioned elements. 

Next, the above distance measuring data LR 
and LL are supplied respectively to operational 
circuits 221a and 221b. These operational circuits 
221a and 221b are primarily constituted by read 
only memories (ROM) which work as look-up ta- 
bles. More specifically, the operational circuit 221a 
converts the distance measuring data LR into angle 
data DR, the value of which corresponds to a 
revolving angle Sr (shown in Fig. 7) at a joint of a 
right shoulder of the player. Similarly, the oper- 
ational circuit 221 b converts the distance measur- 
ing data LL into angle data DL, the value of which 
corresponds to a revolving angle SI at a joint of a 
left shoulder of the player. 

As shown in Fig. 7, Ar represents a distance 
between a revolving center Or at the joint of the 
right shoulder of the player and a portion where the 
ultrasonic transmitter 202a is mounted, and Br re- 
presents a distance between the revolving center 
Or and a portion where the ultrasonic receiver 203a 
is mounted. In this case, the revolving angle Sr can 
be obtained from the following formula (1) based 
on a cosine theorem. 

Sr = cos" 1 [(Ar 2 + Br 2 -R 2 )/(2* Ar* Br)] (1 ) 

In the case where the values of the distances 
Ar and Br are set to predetermined constant values 
in the above formula (1), the value of the revolving 
angle Sr can be obtained by putting the value of 
the distance measuring data LR in the place of the 
distance R. More specifically, the operational circuit 
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221a provides the ROM which pre-stores the angle 
data DR therein, and the operational circuit 221a 
reads out the angle data DR corresponding to the 
distance measuring data LR which are inputted into 
the operational circuit 221a as an address for the 
ROM. Thus, the operation represented by the for- 
mula (1) will be performed in the operational circuit 
221a. 

Similarly, Al represents a distance between a 
revolving center Ol at the joint of the left shoulder 
of the player and a portion where the ultrasonic 
transmitter 202b is mounted, and Bl represents a 
distance between the revolving center Ol and a 
portion where the ultrasonic receiver 203b is moun- 
ted. In this case, the revolving angle SI can be 
obtained from the following formula (2) based on 
the cosine theorem. 

SI = cos- 1 [(AI 2 + BI 2 -L 2 )/(2*AI'BI)] (2) 



In the case where the values of the distances 
Al and Bl are set to predetermined constant values 
in the above formula (2), the revolving angle SI can 
be obtained by putting the value of the distance 
measuring data LL in the place of the distance L 
More specifically, the operational circuit 221b pro- 
vides the ROM which pre-stores the angle data DL 
therein, and the operational circuit 221b reads out 
the angle data DL corresponding to the distance 
measuring data LL which are inputted into the 
operational circuit 221b as an address for the 
ROM. Thus, the operation represented by the for- 
mula (2) will be performed in the operational circuit 
221b. 

In addition, the operational circuits 221a and 
221b put the respective distance measuring data 
LR and LL outputted from the counters 216a and 
216b therein at leading edge timings of the signals 
Sai and Sbi, i.e., at timings when the R-S flip-flops 
212a and 212b are reset. Slightly thereafter, the 
operational circuits 221a and 221b output respec- 
tive reset pulses RPa and RPb to reset input termi- 
nals R of the counters 216a and 216b so that the 
counters 216a and 216b are reset The angle data 
DR and DL outputted from the operational circuits 
221a and 221b are supplied to respective digital-to- 
analog (D/A) converters 222a and 222b wherein the 
angle data DR and DL are converted into analog 
voltage signals VR and VL. Theses voltage signals 
VR and VL are supplied to respective differentiation 
circuits 223a and 223b wherein the voltage signals 
VR and VL are differentiated so as to obtain signals 
VRi and VLi. These signals VRi and VLi are 
supplied to a musical tone signal generating circuit 
224. 

Since the values of the voltage signals VR and 
VL correspond to the revolving angle Sr at the joint 



of the right shoulder and the revolving angle SI at 
the joint of the left shoulder respectively, the values 
of the differentiated signals VRi and VLi of the 
voltage signals VR and VL correspond to the re- 
5 spective revolving angles Sr and SI. 

The musical tone signal generating circuit 224 
generates percussive tones (such as a drum tone, 
a cymbal tone and the like) in accordance with a 
predetermined rhythm pattern having a perfor- 
70 mance speed corresponding to the values of the 
signals VRi and VLi outputted from the respective 
differentiation circuits 223a and 223b. In this case, 
the performance speed is increased in response to 
the value of the signal VRi , and the performance 
75 speed is decreased in response to the value of the 
signal VLi . In the present embodiment, the perfor- 
mance speed can be increased approximately to = 
90. In other words, the performance speed can be 
increased such that a quarter note ( ) can be 
20 generated by ninty times in one minute. The musi- 
cal tone signal generated in the musical tone signal 
generating circuit 224 is supplied to a speaker 225, 
whereby the speaker 225 generates the percussive 
tone in accordance with the predetermined rhythm 
25 pattern having the performance speed correspond- 
ing to revolving angular velocities of the right and 
left arms of the player. Incidentally, 226 designates 
a transmitter circuit which transmits the musical 
tone signal outputted from the musical tone signal 
30 generating circuit 226 via an antenna 227 by a 
radio communication. 

As described heretofore, the present embodi- 
ment measures the distance R between the ultra- 
sonic transmitter 202a and the ultrasonic receiver 
35 203a and calculates the revolving angle Sr of the 
right arm with respect to the direction of the play- 
ers body based on the measured distance R. 
Then, the value of the revolving angle Sr is dif- 
ferentiated in the differentiation circuit 223a, so that 
40 the value of the revolving angular velocity of the 
right arm can be obtained. Similarly, the present 
embodiment measures the distance L between the 
ultrasonic transmitter 202b and the ultrasonic re- 
ceiver 203b and calculates the revolving angle SI of 
45 the left arm with respect to the direction of the 
player's body based on the measured distance L. 
Then, the value of the revolving angle SI is dif- 
ferentiated in the* differentiation circuit 223b, so that 
the value of the revolving angular velocity of the 
so left arm can be obtained. Accordingly, it is possible 
to vary the performance speed of the musical 
tones in accordance with the revolving angular ve- 
locities of the right and left arms of the player. 
Next, description will be given with respect to 
55 another embodiment of the musical tone generating 
apparatus employing the angular velocity detector 
according to the present invention in conjunction 
with Fig. 8. 
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In Fig. 8, 230 designates a mounting wear 
covering a breast, shoulders and elbows at an 
upper half of the player's body. Similar to an or- 
dinary jacket, the mounting wear 230 can be taken 
off. In addition, shoulder portions 230a and 230b, 
and elbow portions 230c and 230d of the mounting 
wear 230 are made of a flexible fiber material. 
Furthermore, thin type absolute rotary encoders 
231a to 231d are mounted respectively in the 
shoulder portions 230a and 230b, and the elbow 
portions 230c and 230d. These rotary encoders 
231a to 231 d have respective shafts fixed with 
levers 232a to 232d, the tip end portions of which 
are mounted on the mounting wear 230 via ab- 
sorber members 233a to 233d. Therefore, when the 
player revolves his right or left hand, the rotary 
encoder 231a directly detects the revolving angle 
of the joint of the right shoulder, or the rotary 
encoder 231b directly detects the revolving angle 
of the joint of the left shoulder. On the other hand, 
in the case where the player bends his right or left 
elbow, the rotary encoder 231c directly detects the 
bending angle of the joint of the right elbow, or the 
rotary encoder 231 d directly detects the bending 
angle of the joint of the left elbow. 

Thus, the rotary encoders 231a to 231 d output 
respective angle data (i.e., respective digital signals 
each having a predetermined bit number) to a 
musical tone generating unit 201a via a cable 234. 
The musical tone generating unit 201a is con- 
stituted by four digital-to-analog (D/A) converters, 
four differentiation circuits (both not shown), and 
the musical tone signal generating circuit 224, the 
speaker 225 and the transmitter circuit 226 shown 
in Fig. 6. The above four D/A converters convert 
the respective angle data (supplied from the rotary 
encoders 231a to 231 d) into analog voltage signals, 
and these analog voltage signals are differentiated 
respectively in the four differentiation circuits. In 
this case, the musical tone signal generating circuit 
224 generates a musical tone signal representing a 
percussive tone having a predetermined rhythm 
pattern and the performance speed corresponding 
to the values of voltage signals supplied from the 
four differentiation circuits. 

Therefore, the performance speed will be in- 
creased in response to the revolving angular ve- 
locity of the joint of the right shoulder, and the 
performance speed will be decreased in response 
to the revolving angular velocity of the joint of the 
left shoulder. In this case, the performance speed 
can be increased approximately to =90 in re- 
sponse to the revolving angular velocities of the 
joints of these shoulders. In addition, the perfor- 
mance speed can be increased in response to the 
revolving angular velocity of the joint of the right 
elbow, and the performance speed can be de- 
creased in response to the revolving angular ve- 



locity of the joint of the left elbow. In this case, the 
performance speed can be increased approximate- 
ly to J = 150 to 180 in response to the revolving 
angular velocities of the joints of these elbows. 

5 According to another embodiment described 

above, it is possible to arbitrarily vary the perfor- 
mance speed of the percussive tones generated 
from the speaker 225 of the musical tone generat- 
ing unit 201a in response to the revolving angular 

70 velocities of the joints of the shoulders and the 
elbows. In addition, the rotary encoders 231a and 
231b detect the revolving angular velocities of the 
joints of the right and left shoulders, even when the 
player revolves his right and left arms in right and 

75 left directions or in forward and backward direc- 
tions. Hence, the player can move freely, so that it 
is possible to raise the degree of freedom for a 
dance composition of the player and the like. Fur- 
thermore, the rotary encoders 231a to 231 d are 

20 mounted within the mounting wear 230 like the 
ordinary jacket, hence, the mounting wear 230 can 
be made fashionably so that the mounting wear 
230 is prevented from damaging the appearance of 
the player. 

25 In the above-mentioned embodiments, the an- 

gle data (digital data) DR and DL are converted into 
respective analog voltage signals VR and VL, which 
are differentiated so as to obtain the analog signals 
VRi and Vl_i the values of which correspond to the 

30 revolving angular velocities. Thereafter, these ana- 
log signals VRi and Vl_i are supplied to the musi- 
cal tone signal generating circuit 224 as musical 
tone control signals. However, it is possible to 
constitute the musical tone generating apparatus so 

35 that difference data are directly obtained from the 
angle data DR and DL and such difference data 
(the values of which corresponds to the revolving 
angular velocities) are supplied to the musical tone 
signal generating circuit as the musical tone control 

40 data. In addition, it is possible to constitute the 
musical tone generating apparatus so that data of 
detected revolving angular velocities can be ap- 
plied to the musical tone control data or predeter- 
mined musical tone control data can be formed 

45 based on the detected revolving angular velocities. 

Meanwhile, the performance speed is varied in 
response to the revolving angular velocities of play- 
er's arms or in response to the revolving angular 
velocities of the joints of the player's shoulders and 

so the player's elbows in the above-mentioned em- 
bodiments. However, it is possible to constitute the 
present invention such that the tone pitch, the 
volume, a tone length, the tone color or the like is 
varied in response to the above revolving angular 

55 velocities. In addition, it is possible to constitute the 
present invention such that musical tone param- 
eters can be controlled by the above revolving 
angular velocities or the musical tone parameters 
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can be controlled by an arbitrary combination of 
the above revolving angular velocities. 

In addition, the revolving angular velocities of 
the player's shoulders and the player's elbows are 
detected in the present embodiments. However, it 
is possible to detect revolving angular velocities of 
player's knees in the present invention. 

Furthermore, it is unnecessary to provide the 
musical tone signal generating circuit and the 
speaker within the musical tone generating unit. 
Hence, it is possible to constitute the musical tone 
generating unit such that the musical tone generat- 
ing unit outputs the musical tone control data there- 
from based on the known MIDI (Musical Instrument 
Digital Interface) standard , for example. In this 
case, such musical tone control data are supplied 
to an external musical tone signal generating cir- 
cuit. 

Fig. 9 shows an appearance of a player who is 
mounted with a second embodiment of the musical 
tone control apparatus according to the present 
invention, and Fig. 10 is a block diagram showing 
an electric constitution of the second embodiment. 
The second embodiment is constituted by a control 
unit 501, a detecting section 502 for the player's 
right elbow, a detecting section 503 for the player's 
left elbow and a detecting section 504 for the 
player's right hand. The control unit 501 is moun- 
ted at the player's waste by a belt 505. The detect- 
ing sections 502, 503 and 504 are respectively 
mounted at the right elbow, the left elbow and the 
right hand of the player. The control unit 501 
includes a musical tone control apparatus, a musi- 
cal tone generating circuit (which is controlled by 
the musical tone control apparatus) and a speaker. 

Next, description will be given with respect to 
respective constitutions of the detecting sections 
502, 503 and 504. The detecting section 502 is 
constructed as shown in Fig. 11. In Fig. 11, 507a 
designates a mounting member such as a sup- 
porter made of flexible fiber materials, and this 
mounting member 507a has a shape which is fitted 
for the right elbow. A thin type potentiometer 508a 
is mounted at a predetermined portion of the 
mounting member 507a covering the joint of the 
player's right elbow. A lever 510a is fixed at a shaft 
509a of the potentiometer 508a, and the tip end 
portion of the lever 510a can be freely put out and 
put in a cylinder 512a as shown in Fig. 12. Within 
the cylinder 512a, a spring 513a for pulling the 
lever 510a is provided. In addition, a fixing portion 
514a is formed at an edge portion of the cylinder 
512a, and this fixing portion 514a is mounted at the 
center of the arm portion of the mounting member 
507a. When the above-mentioned mounting mem- 
ber 507a is worn at the player's right elbow as 
shown in Fig. 11 and the player stretches and 
bends his right elbow, the lever 510a and the 



cylinder 512a are vibrated in response to the 
stretching and bending movement of the player's 
right elbow so that the shaft 509a is revolved. As a 
result, a detection signal (a voltage signal) cor- 

5 responding to the revolving angle of the shaft 509a 
(i.e., the bending angle of the player's right elbow) 
is generated in the potentiometer 508a, and such 
detection signal is supplied to the control unit 501 
via a cable 515a. On the other hand, the detecting 

70 section 503 is constructed by elements 507b to 
515b which are similar to the elements 507a to 
515a of the detecting section 502, hence, the de- 
tailed description of the construction of the detect- 
ing section 503 will be omitted. 

75 Next, description will be given with respect to 

the construction of the detecting section 504 in 
conjunction with Figs. 13 and 14. In Figs. 13 and 
14, 516 designates a glove made of flexible fiber 
materials, and a potentiometer 508c is mounted at 

20 a portion of the glove 516 covering the joint of the 
player's right hand. Similar to the detecting section 
502, a lever 510c is fixed at the edge portion of the 
shaft 509c of the potentiometer 508c, and the lever 
510c can be freely put out and in a cylinder 512c. 

25 In addition, a fixing portion 514c is formed at an 
edge portion of the cylinder 512c, and the fixing 
portion 514c is attached at the base of fingers of 
the glove 516. When the player wears the glove 
516 mounted with the detecting section 504 as 

30 shown in Fig. 13 and the player bends his right 
hand up and down, the shaft 509c will be revolved 
and the potentiometer 508c generates a detection 
signal (a voltage signal), the value of which cor- 
responds to a bending angle of the player's right 

35 hand. Such detection signal is supplied to the 
control unit 501 via a cable 515c. Meanwhile, pres- 
sure sensitive elements 517a to 51 7d are provided 
in the inside of the finger tip portions 516a to 516d 
of the glove 516. Each of these pressure sensitive 

40 elements 517a to 51 7d has a specific resistance 
which varies in response to the pressure given by 
each finger of the player's right hand. As shown in 
Fig. 15A, there is provided a small space in each of 
the finger tip portions 516a to 51 6d of the glove 

45 516 when the player stretches his fingers of his 
right hand, hence, the pressure is not given to each 
of the pressure sensitive elements 517a to 51 7d at 
this state. On the contrary, when the player bends 
his fingers of his right hand as shown in Fig. 15B, 

so the pressure in response to the bending angle of 
each finger tip must be worked on each of the 
pressure sensitive elements 517a to 51 7d, the spe- 
cific resistance of which will be varied. Thus, each 
pressure sensitive element generates the detection 

55 signal having a value corresponding to the bending 
angle of each finger tip, and such detection signal 
will be supplied to the control unit 501 via the cable 
515c. Incidentally, it is possible to use a piezoelec- 
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trie element for generating a voltage corresponding 
to the given pressure thereof as the pressure sen- 
sitive element. 

Next, 520 shown in Fig. 10 designates an ana- 
log multiplexer having seven channels. Such ana- 5 
log multiplexer 520 selects one of the detection 
signals from the potentiometers 508a to 508c and /\ 
the detection signals from the pressure sensitive 
elements 517a to 51 76 based on a channel select 
signal CS which is supplied to a select terminal of 10 
the analog multiplexer 520. Then the analog mul- 
tiplexer 520 supplies the selected detection signal 
to an A/D converter 521 wherein the selected de- 
tection signal is converted into digital detection 
data of predetermined bits. In addition, 522 des- 75 
ignates a CPU, 523 designates a ROM for storing 
programs used in the CPU 522, and 524 des- 
ignates a RAM which is used as a work area. The 
CPU 522 generates the channel select signal CS, 
the value of which is sequentially varied. Such 20 
channel select signal CS is supplied to the analog 
multiplexer 520, whereby the analog multiplexer 
520 scans the output signals of the potentiometers 
508a to 508c and the pressure sensitive elements 
517a to 51 7d with a relatively high speed. Hence, 25 
the CPU 522 judges the bending angles of the 
player's right elbow and the player's left elbow in 
accordance with predetermined four angles based 
on the detection data outputted from the A/D con- 
verter 521. Then, the CPU 522 generates key code 30 
data KC in response to a combination of the bend- 
ing angles of the player's right elbow and the 
player's left elbow based on the above judging 
result. In addition, the CPU 522 judges the bending 
angle of the player's right hand in accordance with 35 
predetermined three angles based on the detection 
data corresponding to the detection signal from the 
potentiometer 508c. More specifically, the CPU 522 
generates the tone volume data VOL representative 
of the tone volume (which can be classified by 40 
large, medium and small tone volumes) in re- 
sponse to the bending angle of the player's right 
hand. Furthermore, the CPU 522 judges whether 
each of an index finger, a middle finger, a third 
finger and a little finger of the player's right hand is 45 
bent or not based on the detection data corre- 
sponding to the detection signals from the pressure 
sensitive elements 517a to 51 7d. Based on this 
judging result, the CPU 522 generates tone color 
select data TD for selecting a tone color (such as a so 
tone color of the piano, the organ, a flute, a saxo- 
phone, a clarinet or the like) in response to a 
combination of bent fingers. 

The CPU 522 supplies the above-mentioned 
key code data KC, the volume data VOL and the 65 
tone color select data TD (i.e., the musical tone 
control data) to a musical tone signal generating 
circuit 526. Hence, the musical tone signal generat- 



ing circuit 526 generates a musical tone signal 
having a tone pitch corresponding to the key code 
data KC, a tone volume corresponding to the tone 
volume data VOL and a tone color corresponding 
to the tone color select data TD. Thus, a speaker 
527 generates a musical tone corresponding to a 
musical tone signal generated in the musical tone 
signal generating circuit. Meanwhile, a transmitter 
circuit 528 transmits the musical tone signal output- 
ted from the musical tone signal generating circuit 
526 by wireless. 

According to the above-mentioned second em- 
bodiment, it is possible to vary the tone pitch of the 
musical tone generated from the speaker 527 of 
the control unit 501 in response to the combination 
of the bending angles of the joints of the player's 
right and left elbows. In addition, it is possible to 
vary the tone volume of the musical tone by the 
three predetermined tone volumes in response to 
the bending angle of the joint of the player's right 
wrist. Furthermore, it is possible to vary the tone' 
color of the musical tone in response to the com- 
bination of the bending fingers within the index 
finger, the middle finger, the third finger and the 
little finger of the player's right hand. 

In the second embodiment, the tone pitch and 
the like are controlled based on the detection result 
of the potentiometer 508a to 508c which detect the 
bending angles of the joints of the player's elbows 
and the player's wrist. As shown in Fig. 16, it is 
possible to modify the second embodiment such 
that a potentiometer 531 is mounted at the inside 
of a mounting member 530 such as a supporter 
covering the player's arm; a certain bending is 
given to a shaft 531a of the potentiometer 531; an 
edge portion of the shaft 531a is fixed at an edge 
portion of a rod 532 made of plastics having a 
small twist characteristic; another edge portion of 
the rod 532 is attached to the inside of wrist portion 
of the mounting member 530. Thus, a twist angle 
of the player's arm (or a revolving angle of the 
player's wrist) is detected, whereby the tone pitch, 
the tone color and the tone volume are controlled 
based on such detecting result. 

(1) FIRST MODIFIED EMBODIMENT OF SECOND 
EMBODIMENT 

Next, description will be given with respect to a 
first modified embodiment of the second embodi- 
ment in conjunction with Fig. 17. 

In Fig. 17, 540 designates a mounting wear 
covering the breast, shoulders and elbows of the 
upper half of the player's body. Similar to the 
ordinary wear, this mounting wear 540 can be 
taken off. In such mounting wear 540, shoulder 
portions 540a and 540b, and elbow portions 540c 
and 540d are made of flexible fiber materials. In 



15 



27 



EP 0 507 355 A2 



28 



addition, thin type absolute rotary encoders 541a to 
541 d are mounted respectively at the shoulder 
portions 540a and 540b, and the elbow portions 
540c and 540d. These rotary encoders 541a to 
541 d have respective shafts, the edge portions of 
which are fixed to levers 542a to 542d. The edge 
portions of the levers 542a to 542d are mounted to 
a mounting member 540 via respective absorber 
members 543a to 543d made of flexible materials 
such as a rubber and the like. When the player 
revolves his right or left arm in his body direction, 
the rotary encoder 541a detects the revolving angle 
at the joint of the players right shoulder, and the 
rotary encoder 541b detects the revolving angle of 
the joint of the player's left shoulder. In addition, 
when the player bends his right or left elbow, the 
rotary encoder 541c detects the bending angle of 
the joint of the player's right elbow, and the rotary 
encoder 541 d detects the bending angle of the 
joint of the player's left elbow. These rotary en- 
coders 541a to 541 d generate angle detecting sig- 
nals based on the detecting results thereof, and 
these angle detecting signals are supplied to the 
control unit 501a mounted at the player's waste by 
the belt 505 via a cable 544. Similar to the control 
unit 501 shown in Fig. 10, the control unit 501a 
comprises the CPU 522, the ROM 523, the RAM 
524, the bus line 525, the musical tone signal 
generating circuit 526, the speaker 527, the trans- 
mitter circuit 527 and further comprises registers 
for once storing the angle detecting signals output- 
ted from the rotary encoders 541a to 541 d. 

According to the above first modified embodi- 
ment, the CPU 522 sequentially reads the angle 
detecting signals stored in the above registers so 
as to generate tempo data representing the perfor- 
mance speed of the generated musical tones. Such 
tempo data are supplied to the musical tone signal 
generating circuit 526 via the bus line 525. Hence, 
the musical tone signal generating circuit 526 gen- 
erates the musical tone signal (for generating a 
percussive tone such as the drum tone, the cymbal 
tone and the like) having the performance speed 
corresponding to the tempo data and also having 
the predetermined rhythm pattern. In this case, the 
CPU 522 judges the revolving angles of the joints 
of the player's shoulders in accordance with pre- 
determined five angles, and the performance speed 
can be raised approximately to J « 90 based on 
the judging result of the CPU 522. In addition, the 
CPU 522 judges the bending angles of the joints of 
the player's elbows in accordance with predeter- 
mined four angles, and the performance speed can 
be raised approximately to J =150 to 180 based 
on the judging results of the CPU 522. 

According to the above first modified embodi- 
ment, the performance speed of the percussive 
tone generated from the speaker 527 can be freely 



varied in response to the revolving angles of the 
joints of the player's shoulders and the bending 
angles of the joints of the player's elbows. Similar 
to the second embodiment described before, this 

5 first modified embodiment can be constituted such 
that the key code data KC, the tone volume data 
VOL and the tone color select data TD can be 
generated based on the angle detecting data ob- 
tained by the rotary encoders 541a to 541 d, and 

10 the tone pitch, the tone volume and the tone color 
can be controlled based on these respective data. 

(2) SECOND MODIFIED EMBODIMENT 

75 Next, description will be given with respect to a 

second modified embodiment of the second em- 
bodiment. As shown in Fig. 18, the apparatus ac- 
cording to the second modified embodiment com- 
prises ultrasonic transmitters 551a and 551b, ultra- 

20 sonic receivers 552a and 552b, and a control unit 
501 b. Theses ultrasonic transmitters 551 a and 
551b are respectively mounted to insides of the 
player's right and left arms by a mounting member 
550 such as a supporter, and the ultrasonic receiv- 

25 ers 552a and 552b are mounted at the player's 
waste by the belt 505. In addition, these transmit- 
ters 551a and 551b and receivers 552a and 552b 
are constructed by the piezoelectric elements such 
as barium titanate vibrators. When the high fre- 

30 quency voltage is supplied to the transmitters 551a 
and 551b, the transmitters 551a and 551b generate 
the ultrasonic waves. When the receivers 552a and 
552b receives the ultrasonic waves, the receivers 
552a and 552b generate the high frequency vol- 

35 tages. As shown in Fig. 19A, each of the transmit- 
ters 551a and 551b is constructed by four transmit- 
ting piezoelectric elements Ti to T4 which are 
arranged by respective angles Sti to SU with re- 
spect to a base plane B1 . On the other hand, as 

40 shown in Fig. 19B, each of the receivers 552a and 
552b is constructed by two receiving piezoelectric 
elements Ri and R2 which are arranged by respec- 
tive angles Sri and Sr2 with respect to a base 
plane B2. 

45 Thus, as shown in Fig. 19C, a position of the 

transmitter 551a is changed as shown by positions 
Pi , P2 , P3 and P4 with respect to a position Po of 
the receiver 552a which is mounted at the player's 
waste while the player swings down his right arm. 

50 In this case, the ultrasonic wave transmitted from 
the transmitter 551a must be reached at the re- 
ceiver 552a, regardless of a relative position rela- 
tion between the transmitter 551a and the receiver 
552a. For example, in the case where a distance 

55 between the player's right shoulder and the trans- 
mitter 551a is set to 25 cm and a distance between 
the player's right shoulder and the receiver 552a is 
set to 40 cm, the angle Sti to SU and Sri and Sr 2 
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must be set as Sti =28 degrees, Sk =58 degrees, 
St 3 =97 degrees, SU=165 degrees, Sn =13 de- 
grees and Sr 2 =38 degrees. In this case, a distance 
between the positions Po and Pi is equal to 60 cm, 
a distance between the positions Po and P 2 is 
equal to 47 cm, a distance between the positions 
Po and P 3 is equal to 28 cm, and a distance 
between the positions Po and P* is equal to 1 5 cm. 

Next, description will be given with respect to 
an electric constitution of the apparatus according 
to the second modified embodiment in conjunction 
with Fig. 20. In Fig. 20, a start pulse generator 555 
generates a start pulse SP having a constant cycle. 
Such start pulse SP is supplied to an input terminal 
of an ultrasonic pulse generator 556, and set input 
terminals S of R-S flip-flops 557a and 557b. The 
above start pulse SP triggers the ultrasonic pulse 
generator 556 so that the ultrasonic pulse gener- 
ator 556 outputs an ultrasonic pulse UP to the 
transmitters 551a and 551b. Thus, the transmitters 
551a and 551b transmit respective ultrasonic 
waves each having a constant cycle to the receiv- 
ers 552a and 552b wherein the high frequency 
voltages are generated. The receiver 552a outputs 
the high frequency voltage to an amplifier 558a 
wherein the high frequency voltage is amplified, 
and an amplified signal S a is rectified in a diode 
559a and then supplied to a reset input terminal R 
of a R-S flip-flop 557a. Hence, the R-S flip-flop 
557a is set by the start pulse SP and reset by an 
output signal of the diode 559a. Therefore, the R-S 
flip-flop 557a outputs an output signal S a1 from an 
output terminal Q thereof, and such output signal 
S al has a pulse width the value of which cor- 
responds to a distance la between the transmitter 
551a and the receiver 552a. This output signal S a1 
is supplied to one input terminal of an AND gate 
560a, whereby the AND gate 560a is subject to an 
open state so that a clock pulse CP is supplied to a 
clock input terminal CK of a counter 561a via the 
AND gate 560a in a pulse width period of the 
signal S a i. Hence, the counter 561a counts up the 
clock pulse CP so as to output the count value 
thereof. Such count value corresponds to the dis- 
tance la between the transmitter 551a and the 
receiver 552a. In other words, such count value 
corresponds to the revolving angle of the player's 
right arm which is swung down to his body. 

On the other hand, the high frequency voltage 
outputted from the receiver 552b is amplified in an 
amplifier 558b, and an amplified signal S b is recti- 
fied in a diode 559b and then supplied to a reset 
input terminal R of a R-S flip-flop 557b. Similar to 
the R-S flip-flop 557a, the R-S flip-flop 557b is set 
by the start pulse SP and reset by an output signal 
of the diode 559b. Therefore, the R-S flip-flop 557b 
outputs an output signal S bl from an output termi- 
nal Q thereof, and such output signal S b i has a 



pulse width the value of which corresponds to a 
distance lb between the transmitter 551b and the 
receiver 552b. This signal S b1 is supplied to one 
input terminal of an AND gate 560b, whereby the 
5 AND gate 560b is subject to the open state so that 
the clock pulse CP is supplied to a clock input 
terminal CK of a counter 561b via the AND gate 
560b in a pulse width period of the signal S b i.The 
counter 561b counts up the clock pulse CP so as 
io to output a count value thereof. Such count value 
corresponds to the distance lb between the trans- 
mitter 551b and the receiver 552b. In other words, 
such count value corresponds to the revolving an- 
gle of the player's left arm which is swung down to 
75 his body. 

An ultrasonic measuring circuit 570 is con- 
stituted as described heretofore. The above-men- 
tioned count values of the counters 561a and 561b 
are supplied to a musical tone control data generat- 
20 ing circuit 563. The count value of the counter 561a 
is inputted into the musical tone control data gen-" 
erating circuit 563 at a trailing edge timing of the 
signal S al (i.e., a timing when the R-S flip-flop 557a 
is reset). Slightly thereafter, the musical tone con- 
25 trol data generating circuit 563 supplies a reset 
pulse RPa to a reset input terminal R of the coun- 
ter 561a so that the counter 561a is reset. Simi- 
larly, the count value of the counter 561b is input- 
ted into the musical tone control data generating ' 
30 circuit 563 at a trailing edge timing of the signal 
S b1 (i.e., a timing when the R-S flip-flop 557b is 
reset). Slightly thereafter, the musical tone control 
data generating circuit 563 supplies a reset pulse 
RPb to a reset input terminal R of the counter 561b 
35 so that the counter 561b is reset. 

Next, the musical tone control data generating 
circuit 563 generates and outputs musical tone 
control data (i.e., the data KC, VOL and TD de- 
scribed before) to the musical tone signal generat- 
40 ing circuit 526. Thus, the musical tone signal gen- 
erating circuit 526 generates the musical tone sig- 
nal whose tone pitch, tone color and tone volume 
(or a performance speed) are varied based on the 
value of the musical tone control data. Such musi- 
45 cal tone signal is outputted to the speaker 527. 
Hence, the speaker 527 generates a musical tone 
corresponding to the revolving angles of the play- 
er's right and left arms which are swung down to 
his body. 

so According to the second modified embodiment 

described above, it is possible to detect the revolv- 
ing angle of the player's right arm which is swung 
to his body based on a period for transmitting the 
ultrasonic wave between the transmitter 551a 

55 mounted at his right arm and the receiver 552a 
mounted at his right waste. In addition, it is possi- 
ble to detect the revolving angle of the player's left 
arm which is swung down to his body based on a 
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period for transmitting the ultrasonic wave between 
the transmitter 551b mounted at his left arm and 
the receiver 552b mounted at his left waste. Thus, 
it is possible to generate the musical tone cor- 
responding to the revolving angles of the player's 5 
right and left arms. 

Incidentally, it is possible to further modify the 
second modified embodiment such that the tone 
pitch, the tone color and the tone volume of the 
musical tone or the performance speed are varied 10 
in response to the revolving angles of the player's 
right and left arms. In addition, it is possible to vary 
the performance speed in response to the bending 
angles of the player's elbows and it is also possible 
to vary the tone pitch of the musical tone in re- 75 
sponse to the bending angles of the player's fin- 
gers in the second modified embodiment. As de- 
scribed heretofore, it is possible to combine the 
second modified embodiment and other embodi- 
ments described before so as to realize a flexible 20 
musical tone control system. 

(C) THIRD EMBODIMENT 

Fig. 21 is a block diagram showing a third 25 
embodiment of the musical tone control apparatus 
according to the present invention, and Fig. 22 
shows an appearance of a stick 601 used in this 
third embodiment. 

First, description will be given with respect to 30 
the constitution of the stick 601. As shown in Fig. 
22, a base portion of the stick 601 has a shape 
which can be held by the player's hand H, and an 
angle detector 602 is provided in the inside of a tip 
edge portion 601b of the stick 601. In addition, a # 35 
(sharp) key-on switch Ks, a key-on switch Kn and a 
b (flat) key-on switch Kf are mounted on a center 
portion 601c of the stick 601. These switches Ks, 
Kn and Kf can be depressed by a thumb or an 
index finger of the player's hand H which holds the ao 
base portion 601a. 

As shown in Fig. 23, the angle detector 602 is 
constituted by a supporting plate 603 and four 
detecting switches a to d attached to the support- 
ing plate 603. These detecting switches a to d are 45 
arranged by respective angles of 22.5 degrees, 
67.5 degrees, 112.5 degrees and 157.5 degrees 
with respect to a reference line L. As shown in Fig. 
24, each of the detecting switches a to d is con- 
structed by a glass tube 604, mercury fluid 605 50 
and a pair of electrodes 606a and 606b. The glass 
tube 604 is closely packed and enclosed by a 
certain volume of the mercury fluid 605, and the 
electrodes 606a and 606b are inserted through an 
edge wall of the glass tube 604. In a state as 55 
shown in Fig. 24, the electrode 606a is not con- 
nected to the electrode 606b, hence, this detecting 
switch is turned off. When the edge portion of the 



glass tube 604 inserted by the electrodes 606a and 
606b is inclined downward in a direction as shown 
by an arrow in Fig. 24, the electrode 606a will be 
connected to the electrode 606b via the mercury 
fluid 605 so that this detecting switch will be turned 
on. In the case where the angle detector 602 
shown in Fig. 23 is revolved around the reference 
point O, the on/off states of the detecting switches 
a to d becomes as shown by Fig. 25. More specifi- 
cally, all of the detecting switches a to d are turned 
off in the state shown in Fig. 23. When the angle 
detector 602 revolves around the reference point O 
in a direction Y (i.e., in a counter-clockwise direc- 
tion) by 45 degrees, only the detecting switch a is 
turned on. By further revolving the angle detector 
602 by 45 degrees, the detecting switches a and b 
are turned on. Hence, as the revolving angle of the 
angle detector 602 advances by every 45 degrees, 
the detecting switches which are turned on are 
identified as the detecting switches a, b and c; the 
detecting switches a, b, c and d; the detecting 
switches b, c and d; the detecting switches c and 
d; the detecting switch d. 

Next, description will be given with respect to 
an electric constitution of the apparatus shown in 
Fig. 21. In Fig. 21, the electrode 606a of each of 
the detecting switches a to d mounted in the stick 
601 is grounded, and the electrodes 606b of the 
detecting switches a to d are respectively con- 
nected to one terminals of pull-up resistors ra to rd 
and also connected to 0-bit to 3-bit of an A register 
608. Thus, these 0-bit to 3-bit of the A register 608 
store respective detection data Da to Dd corre- 
sponding to on/off states of the detecting switches 
a to d. Meanwhile, one terminals of the # key-on 
switch Ks, the key-on switch Kn and the b key-on 
switch Kf mounted on the stick 601 are grounded, 
and other terminals thereof are connected to re- 
spective one terminals of pull-up resistors rs, rn 
and rf and also connected to a B register 609 of 
three bits. Hence, 0-bit to 2-bit of the B register 
609 store respective operation data Ds, Dn and Df 
corresponding to on/off states of the key-on switch- 
es Ks, Kn and Kf. In this case, each value of the 
above detection data Da to Dd and the operation 
data Ds, Dn and Df becomes identical to "O" when 
each of the detecting switches a to d and the key- 
on switches Ks, Kn and Kf is turned on. On the 
other hand, each value of such data becomes 
identical to "1" when each of such switches is 
turned off. 

Meanwhile, a musical tone control circuit 614 is 
constituted by the registers 608 and 609, a CPU 
610, a ROM 611 for storing predetermined pro- 
grams used in the CPU 610, a RAM 612 used as a 
work area and a bus line 613. By executing pro- 
cesses which will be described later, the CPU 610 
generates key code data KC, a key-on signal KON 
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and a key-off signal KOF based on the detecting 
data Da to Dd stored in the A register 608 and 
based on the operation data Ds, Dn and Df stored 
in the B register 609. Such key code data KC, key- 
on signal KON and key-off signal KOF are supplied 
to a musical tone signal generating circuit 615 via 
the bus line 613. 

Based on the above key code data KC, the 
key-on signal KON and the key-off signal KOF, the 
musical tone signal generating circuit 615 gen- 
erates a musical tone signal. More specifically, the 
musical tone signal generating circuit 615 gen- 
erates the musical tone signal having the tone pitch 
corresponding to the value of the key code data 
KC and the predetermined tone color. This musical 
tone signal is supplied to a sound system 616 
wherein a musical tone corresponding to the musi- 
cal tone signal is generated. 

Next, description will be given with respect to 
operations of the above-mentioned third embodi- 
ment by use of flowcharts shown in Figs. 27 and 
28. Fig. 27 shows a flowchart of a main routine 
which will be repeatedly performed by the CPU 
610 in a normal mode. 

In Fig. 27, the CPU 610 reads the operation 
data Ds, Dn and Df stored in the B register 609 in 
a step S1. Next, the CPU 610 judges whether the 
key-on switch Kn is depressed or not based on the 
operation data Dn in a step S2. In this case, the 
CPU 610 judges that the key-on switch Kn is 
depressed when the value of the operation data Dn 
is equal to "0", and the process advances to a next 
step S3. On the other hand, the CPU 610 judges 
that the key-on switch Kn is not depressed when 
the value of the operation data Dn is equal to "1", 
and the process advances to a next step S4. In this 
step S4, the CPU 610 judges whether the # key-on 
switch Ks is depressed or not based on the opera- 
tion data Ds. In this case, the CPU 610 judges that 
the # key-on switch Ks is depressed when the 
value of the operation data Ds is equal to "0", and 
the process advances to a next step S5. On the 
other hand, the CPU 610 judges that the # key-on 
switch is not depressed when the value of the 
operation data Ds is equal to "1 and the process 
advances to a next step S6. In this step S6, the 
CPU 610 judges whether the b key-on switch Kf is 
depressed or not based on the operation data Df. 
In this case, the CPU 610 judges that the b key-on 
switch Kf is depressed when the value of the 
operation data Df is equal to "0", and the process 
advances to a next step S7. On the other hand, the 
CPU 610 judges that the b key-on switch Kf is not 
depressed when the value of the operation data Df 
is equal to n 1 ", and the process advances to a next 
step S8. In this step S8, a value of key-on data 
KOND stored in a predetermined area of the RAM 
612 is set equal to "-2", and then the process 



advances to a next step S9. In addition, the value 
of the key-on data KOND is set equal to "0", " + 1 " 
or "-1 " in the step S3, S5 or S7 independently, and 
the process advances to the step S9. This step S9 

5 represents a key processing routine which will be 
described later. After the process in the step S9 is 
executed, the process returns to the step S1 again. 

Next, description will be given with respect to 
the key processing routine in conjunction with Fig. 

10 28. 

In Fig. 28, the CPU 610 judges whether old 
key-on data OLDKOND pre-stored in the predeter- 
mined area of the RAM 612 coincide with new key- 
on data KOND or not in a step SP1. When the old 

75 key-on data OLDKOND coincide with the new key- 
on data KOND, the process returns to the main 
routine. On the other hand, when the old key-on 
data OLDKOND do not coincide with the key-on 
data KOND, the process advances to a next step 

20 SP2. In this step SP2, the old key-on data OLD- 
KOND pre-stored in the RAM 612 are re-written by 
the new key-on data KOND. In a step SP3, the 
CPU 610 judges whether the value of the key-on 
data KOND equals to "-2" or not. When the value 

25 of the key-on data KOND equals to "-2", the pro- : 
cess advances to a step SP4. When the value of 
the key-on data KOND does not equal to "-2", the 
process advances to a step SP5. In this step SP5, " 
the CPU 610 reads the detecting data Da to Dd 

30 stored in the A register 608. In a next step SP6, the 
CPU 610 determines the value of the key code 9 
data KC based on a combination of the detecting 
data Da, Db, Dc and Dd. In this case, Fig. 26 
represents relations between the value of the key 

35 code data KC and the combination of the detecting 
data Da, Db, Dc and Dd. For example, when the 
position of the angle detector 602 is set as shown 
in Fig. 23, all of the detecting switches a to d are 
turned off so that all values of the detecting data 

40 Da to Dd become identical to "1". In this case, the 
value of the key code data KC is set equal to "60 n 
which corresponds to a predetermined tone pitch 
C 3 . 

Next, the CPU 610 judges whether the value of 
45 the key code data KC is equal to "0" or not in a 
step SP7. When the value of the key code data KC 
equals to "0", the process returns to the main 
routine. When the value of the key code data KC 
does not equal to "0", the process advances to a 
so next step SP8. In this step SP8, the key code data 
KC are added with the key-on data KOND so as to 
obtain an addition result, and such addition result is 
set identical to the new key code data KC. In the 
case where the # key-on switch Ks is depressed, 
55 the value of the key-on data KOND is set identical 
to " + 1 n in the step S5 within the main routine 
described before. Thus, the value of the old key 
code data KC 0 ld is added with the value "1 " in the 
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step SP8 so that the old key code data KC 0 ld are 
converted into new key code data KC having a 
tone pitch which is higher than that of the old key 
code data KCold by a chromatic semi-tone. In 
other words, the old key code data KC 0 ld (having 
the value "60") corresponding to the tone pitch C3 
are converted into the new key code data KC 
(having the value "61") corresponding to a tone 
pitch C#3, for example. 

On the contrary, when the b key-on switch Kf 
is depressed, the value of the key-on data KOND is 
set equal to in the step S7 within the main 
routine. Thus, the value "1 " is subtracted from the 
value of the old key code data KC 0 ld in the step 
S8 so that the old key code data KC 0 ld are con- 
verted into the new key code data KC having a 
tone pitch which is lower than that of the old key 
code data KCold by the chromatic semi-tone. In 
other words, the old key code data KCold (having 
the value "60") corresponding to the tone pitch C 3 
are converted into the new key code data KC 
(having the value "59") corresponding to a tone 
pitch Cb 3 (B 2 ). 

Next, the CPU 610 outputs the new key code 
data KC the value of which is calculated in the step 
SP8 in a step SP9, and then the CPU 610 outputs 
the key-on signal KON. Such data KC and the 
signal KON are sequentially supplied to the musi- 
cal tone signal generating circuit 615 via the bus 
line 613. Thus, the musical tone signal generating 
circuit 615 starts to generate the musical tone 
signal, and such musical tone signal is supplied to 
the sound system 616 wherein the musical tone 
having the tone pitch corresponding to the key 
code data KC is generated. 

Meanwhile, in the case where all of the switch- 
es Kn, Ks and Kf are not depressed, the value of 
the key-on data KOND is set equal to "-2" in the 
step S8 within the main routine described before. 
In this case, the CPU 610 judges that the value of 
the key-on data KOND equals to "-2" in the step 
SP3 within the key processing routine, and the 
process advances to the next step SP4. In this step 
SP4, the CPU 610 generates the key-off signal 
KOF, and this key-off signal KOF is supplied to the 
musical tone signal generating circuit 615 via the 
bus line 613. Thus, the musical tone signal gen- 
erating circuit 615 stops generating the musical 
tone signal, whereby the sound system 616 stops 
generating the musical tone. Thereafter, the pro- 
cess of the CPU 610 returns to the main routine 
again. 

As described heretofore, the third embodiment 
of the present invention performs the operation for 
generating the musical tone. According to the third 
embodiment, in the case where the player's hand 
H holding the stick 601 as shown in Fig. 21 is 
swung up and down and the key-on switch Kn is 



depressed by the thumb of the players hand H, it 
is possible to generate the musical tone having the 
tone pitch corresponding to the moving direction of 
the player's hand H, i.e., corresponding to the 

5 movement of the player's arm and body. Similarly, 
the tone pitch can be raised by the chromatic 
semi-tone by depressing the # key-on switch Ks, 
and the tone pitch can be lowered by the chro- 
matic semi-tone by depressing the b key-on switch 

70 Kf. 

Next, description will be given with respect to 
the modified embodiment of the third embodiment 
in conjunction with Figs. 29A to 29I. This modified 
embodiment is constituted such that the tone pitch 

75 and the tone generating timing can be controlled 
by using two sticks 601 R and 601 L each having 
the same constitution similar to the constitution of 
the stick 601. This modified embodiment further 
provides an A register 608a of four bits other than 

20 the A register 608 within the musical tone control 
circuit 614. In this case, the detecting data Da to 
Dd outputted from the stick 601 R are stored in the 
A register 608, and other detecting data Da to Dd 
outputted from the stick 601 L are stored in the A 

25 register 608a. In addition, respective operation data 
Ds outputted from the sticks 601 R and 601 L are 
combined into one operation data Ds under an 
logical AND operation. Similarly, respective opera- 
tion data Dn and respective operation data Df out- 

30 putted from the sticks 601 R and 601 L are com- 
bined into one operation data Dn and one operation 
data Df under the logical AND operation. Such 
combined operation data Ds, Dn and Df are stored 
in the B register 609. Hence, the performance is 

35 done by the player M who holds the sticks 601 R 
and 601 L in his right and left hands respectively as 
shown in Fig. 29A. 

In the above-mentioned modified embodiment, 
each of the sticks 601 R and 601 provides the key- 

40 on switches Ks, Kn and Kf. However, it is possible 
to constitute such modified embodiment such that 
one of the sticks 601 R and 601 L provides the key- 
on switches Ks, Kn and Kf. In addition, it is also 
possible to constitute the modified embodiment 

45 such that the stick 601 R provides the switches Ks 
and Kf and the stick 601 L provides the switch Kn, 
for example. 

In the case where the stick 601 L provides the 
switch Kn and the stick 601 R provides the other 

so switches, the tone pitch of the musical tone to be 
generated is determined by the combination of the 
respective detecting data Da to Dd outputted from 
the sticks 601 R and 601 L In this case, the perfor- 
mance will be done as shown in Figs. 29B to 29E, 

55 for example. As the player's right arm is rising from 
a bottom direction after the player's left arm is 
turned to a position Z1 (shown in Fig. 29B) and the 
key-on switch Kn is depressed, the tone pitch will 
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be varied in a sequence of C3, D 3 and E 3| for 
example. Similarly, as the players right arm is 
rising from the bottom direction after the player 
raises his left arm to a position Z2 and depresses 
the key-on switch Kn, the tone pitch will be varied 5 
in a sequence of F 3 , G3 and A3, for example. In 
addition, when positions of the player's right and 
left arms are set as show in Fig. 29C, a tone pitch 
C4 can be obtained. Similarly, when the positions 
of the player's right and left arms are set as shown 10 
in Fig. 29D or 29E, a tone pitch D 3 or G* can be 
obtained. 

Meanwhile, Figs. 29F to 29I show other exam- 
ples of performance. As the player raises his right 
arm from the bottom direction after the players left 75 
arm is turned to the position Z1 (shown in Fig. 29F) 
and the key-on switch Kn is depressed, the tone 
pitch will be varied in a sequence of C2, D 2 , E2, F 2 
and G2, for example. Similarly, as the player's right 
arm is rising from the bottom direction after the 20 
player raises his left arm to a position Z 2 and 
depresses the key-on switch Kn, the tone pitch will 
be varied is a sequence of G2, A2, B2, C3 and D 3 , 
for example. In addition, when the positions of the 
player's right and left arms are set as shown in Fig. 25 
29G, a tone pitch E 3 can be obtained. Similarly, 
when the positions of the player's right and left 
arms are set as shown in Fig. 29H or 29I, a tone 
pitch C3 or F4 can be obtained. 

According to the modified embodiment de- 30 
scribed heretofore, it is possible to perform various 
kinds of the musical tone controls by using both of 
the sticks 601 R and 601 L held by both hands of 
the player M. 

Incidentally, it is possible to further modify the 35 
third embodiment such that the stick 601 provides 
an octave switch and this octave switch is turned 
on or off so as to raise or lower the tone pitch by 
one octave. In addition, the angle detector 602 is 
provided in the inside of the cylindrical stick 601 in 40 
the embodiments described heretofore. However, 
the shape of the stick is not limited to the cylin- 
drical stick 601 , and it is possible to construct the 
stick 601 in an arbitrary shape. Further, the tone 
pitch of the musical tone to be generated is varied 45 
in response to the force given to the angle detector 
602 in the embodiments described heretofore. 
However, it is possible to vary the tone color and 
the tone volume in response to the force given to 
the angle detector 602, or it is possible to control 50 
the musical tone to be generated or not based on 
such force. Furthermore, it is possible to mount the 
angle detector 602 to the player's feet or body to 
thereby control the musical tone in response to the 
movement of the player's feet and the like. 55 

(D) FOURTH EMBODIMENT 



Fig. 30 shows a rhythm stick 701 R for the 
player's right hand and a rhythm stick 701 L for the 
player's left hand according to a fourth embodi- 
ment of the musical tone control apparatus accord- 
ing to the present invention. In Fig. 30, 705 and 
706 designate pushbutton switches of the stick 
701 R. The pushbutton switch 705 is mounted at a 
position where the thumb of the player's right hand 
can reach and the pushbutton switch 706 is moun- 
ted at a position where the index finger of the 
player's right hand can reach when the player 
holds a holding portion 701a of the stick 701 R by 
his right hand. These switches 705 and 706 are 
respectively connected to an interface circuit 707 
shown in Fig. 31. In addition, an angle detector 
702R is mounted within a tip edge portion of the 
stick 701 R. This angle detector 702R provides five 
mercury switches D1R to D5R each of which is 
connected to the interface circuit 707. Furthermore, 
respective one terminals of the switches 705, 706 
and the mercury switches D1 R to D5R are supplied 
with a constant voltage V via respective resistors 
(R), and respective other terminals thereof are 
grounded to (GND). 

Similar to the stick 701 R, the stick 701 L pro- ' 
vides pushbutton switches 708 and 709 
(corresponding to the pushbutton switches 705 and 
706) and also provides an angle detector 702L* 
(corresponding to the angle detector 702R). In ad- " 
dition, the switches 708, 709, and mercury switch- ■* 
es D1 L to D5L mounted in the angle detector 702L' 
(corresponding to the mercury switches D1R to" 
D5R mounted in the angle detector 702R) are 
connected to the interface circuit 707 respectively. 
This interface circuit 707 detects angles of the 
player's right and left arms with respect to the 
plumb line based on output signals of the mercury 
switches D1R to D5R and the mercury switches 
D1L to D5L as well, and this interface circuit 707 
generates angle data KD1 and KD2 based on the 
detecting result of the angles of the player's arms. 
Such angle data KD1 and KD2 are sequentially 
supplied to a musical tone control circuit 710. In 
addition, the interface circuit 707 detects on/off 
states of the switches 705, 706, 708 and 709 so as 
to generate respective signals S1, S2, S3 and S4. 
Each of these signals S1 to S4 has a "H" (High) 
level when each of the switches 705, 706, 708 and 
709 is depressed. On the other hand, each of these 
signals S1 to S4 has a L" (Low) level when each of 
the switches 705, 706, 708 and 709 is released. 
These signals S1 to S4 are supplied to the musical 
tone control circuit 710. First, this musical tone 
control circuit 710 checks each value of the signals 

51 and S2, and the musical tone control circuit 710 
generates tone pitch data KC based on the angle 
data KD1 and KD2 when both of the signals S1 and 

52 are identical to the "0" signal (i.e., when both of 
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the switches 705 and 706 are turned off). 

In Fig. 32, the upper row represents the swing 
angle of 0 degree to 180 degrees of the players 
right arm, and the left column represents the swing 
angle of 0 degree to 180 degrees of the player's s 
left arm. As shown in Fig. 32, the musical tone 
control circuit 710 generates the tone pitch data 
KC, the value of which corresponds to one of the 
tone pitches F2, G2, A2, .... C5, D5, E5. In such 
process for determining the tone pitch, the value of 10 
the tone pitch data KC is raised by the chromatic 
semi-tone (#; sharp) when the signal S3 is identical 
to the "1" signal (i.e?., when the switch 708 is 
turned on), and the value of the tone pitch data KC 
is lowered by the chromatic semi-tone (b; flat) is 
when the signal S4 is identical to the T signal 
(i.e., when the switch 709 is turned on). Such tone 
pitch data KC are sequentially supplied to a musi- 
cal tone signal generating circuit 711. 

In addition, when both of or one of the signals 20 
S1 and S2 is identical to the "1 n signal (i.e., when 
both of or one of the switches 705 and 706 is 
turned on), the musical tone control circuit 710 
generates chord data KM in accordance with the 
on/off states of the switches 705, 706, and the 25 
values of the angle data KD1 and KD2. In Fig. 33, 
F2# to F3, F3# to F4 and F4# to E5 represent 
respective ranges of the tone pitches which are 
determined based on the swing angles of the play- 
er's right and left arms as shown in Fig. 32. In 30 
response to such tone pitch range and the on/off 
states of the switches 705 and 706 (shown in the 
upper rows in Fig. 32), the musical tone control 
circuit 710 generates the chord data KM corre- 
sponding to one of chord kinds of Major, 7th, 35 
miner, M7 (7th), m7 (7th), b5 (5th), M6 (6th), dim 
(diminution), Aug (Augmentation). In the case 
where the swing angles of the player's both arms 
are identical to 90 degrees, the tone pitch is deter- 
mined to B3 as shown in Fig. 32. In this state, 40 
when the switch 705 is turned on and the switch 
706 is turned off, the chord of M7 is selected in 
accordance with the tone pitch B3. In addition, 
when both of the switches 705 and 706 are turned 
on, the chord of B3-m7 is selected. Furthermore. 45 
when the switch 705 is turned off and the switch 
706 is turned on, the chord of B3-b5 is selected. In 
each case, the musical tone control circuit 710 
generates the chord data KM corresponding to the 
chord of M7, B3-m7 or B3-b5, and such chord data 50 
KM are sequentially supplied to a musical tone 
signal generating circuit 712 wherein a chord ac- 
companiment signal corresponding to the chord 
data KM is generated. On the other hand, the 
musical tone signal generating circuit 711 gen- 55 
erates a melody tone signal having the tone pitch 
corresponding to the tone pitch data KC which are 
outputted from the musical tone control circuit 710. 



Hence, a speaker SP is driven based on the chord 
accompaniment signal and the melody tone signal. 

In the above-mentioned constitution, when the 
player swings up his arms holding the sticks 701 R 
and 701 L and releases the switches 705 and 706, 
the speaker SP generates a melody tone having 
the tone pitch corresponding to the swing angles of 
the player's arms and the on/off states of the 
switches 708 and 709. In this state, when the 
player depresses one of or both of the switches 
705 and 706, the speaker SP generates the accom- 
paniment tone corresponding to the swing angles 
of the player's arms and the on/off states of the 
switches 705, 706, 708 and 709. 

In the present fourth embodiment, the angle 
detectors 702R and 702L mounted within the sticks 
701 R and 701 L are used for detecting the swing 
angles of the player's arms. Instead, it is possible 
to employ an angle detector 715 as shown in Fig. 
34A. In Fig. 34A, the player holds a stick 703 
mounted with switches 713 and 714 (corresponding 
to the switches 705 and 706), and the angle detec- 
tor 715 is mounted at the player's right elbow in 
order to detect the bending angle of the player's 
right elbow. In this case, the player's left arm has 
the same constitution as shown in Fig. 34A, hence, 
the drawing thereof and the description thereof will 
be omitted. Fig. 35 shows a detailed constitution of 
the player's right elbow shown in Fig. 34A. In Figs. 
34A and 35, 716 designates a mounting wear cov- 
ering the upper half of the player's body, and 717 
designates a supporter which is made of flexible 
fiber materials such as the rubber material and 
which covers the joint portion of the player's right 
elbow. This supporter is mounted with a resistor 

718 of the angle detector 715 at a portion covering 
the joint of the player's right elbow. This angle 
detector 715 is constituted such that a lever 719 is 
fixed at a shaft 718a of the resistor 718 and a tip 
edge portion of the lever 719 can be freely put out 
and in a cylinder 720. In addition, a spring is 
provided in the inside of the cylinder 720 in order 
to pull the lever 719. Furthermore, a fixing portion 
720a is formed at an edge portion of the cylinder 
720, and this fixing portion 720a is mounted at a 
certain portion of the mounting wear 716 which 
covers the player's right arm. 

In the above-mentioned constitution, the lever 

719 and the cylinder 720 vibrates in response to a 
movement for bending or stretching the player's 
right elbow so that the shaft 71 8a will be revolved. 
Hence, the resistor 718 outputs a detection signal 
the value of which corresponding to the revolving 
angle of the shaft 718a (i.e., the bending angle of 
the player's right elbow). Such detection signal is 
supplied to an A/D converter (not shown) wherein 
the level of the detection signal is converted into 
angle data KD1, and such angle data KD1 are 
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supplied to the musical tone control circuit 710 
shown in Fig. 31. Similarly, the angle data KD2 
corresponding to angle detector for the player's left 
elbow (not shown) are supplied to the musical tone 
control circuit 710. Thus, the melody tone or the 5 
accompaniment tone will be generated in response 
to the bending angles of the player's elbows and 
the on/off states of the switches mounted on the 
sticks. In this case, the melody tone can not have 
the tone pitches described in the row and the 10 
column of 180 degrees in Fig. 32 because the 
player's elbow can not bend by 180 degrees. For 
this reason, the accompaniment tone can not have 
the chords of M6, dim and Aug in the row of the 
tone pitch range of F4# to E5 shown in Fig. 33. In 75 
the above-mentioned embodiment, the angle de- 
tectors are mounted at the player's elbows, how- 
ever, it is possible to mount such angle detectors 
at the player's shoulders as shown in Fig. 34B. 

In these embodiments, the angle detectors 20 
702R and 702L or the angle detector 715 is used 
as angle detecting means, however, the angle de- 
tecting means is not limited to such angle detec- 
tors. Furthermore, in Fig. 34A, the switches moun- 
ted on the sticks held by the player's arms are 25 
used instead of the switches 705, 706, 708 and 709 
shown in Fig. 31, however, these switches are not 
necessarily mounted to the sticks. 

Claims 30 

1. A musical tone control apparatus comprising: 

(a) musical tone control means (522 in Fig. 
10, 614 in Fig. 21, 710 in Fig. 31) for 
generating musical tone control data based 35 
on a detected result; 

(b) musical tone generating means (526 in 
Fig. 10, 615 in Fig. 21, 224 in Fig. 6) 
coupled to the control means for generating 

a musical tone signal based on the musical 40 
tone control data, characterized in that the 
musical tone control apparatus further com- 
prises: 

(c) detecting means (508a, b in Fig. 10, 602 

in Fig. 21, 702R, 702L in Fig. 20, 202a, 45 
202b, 203a, 203b in Fig. 6) coupled to the 
control means for detecting an angle of a 
predetermined portion of a player and for 
outputting the detected angle as the de- 
tected result to the musical tone control 50 
means. 

2. A musical tone control apparatus according to 
claim 1 wherein the detecting means (508a, 
508b in Fig. 9 or 531 in Fig. 16) detects a 55 
bending angle or a revolving angle of a pre- 
determined position of a player. 



3. A musical tone control apparatus according to 
claim 2 wherein said detecting means is con- 
stituted by a potentiometer (508a, 508b) which 
is mounted at a joint portion of said player, 
said potentiometer detecting said bending an- 
gle or said revolving angle of said joint portion. 

4. A musical tone control apparatus according to 
claim 2 wherein said detecting means com- 
prises 

(a) an ultrasonic transmitter (551a, 551b) 
and an ultrasonic receiver (552a, 552b) 
each of which is mounted at a predeter- 
mined portion apart from a joint portion of 
said player; and 

(b) an ultrasonic detecting circuit (501b) for 
detecting said bending angle or said revolv- 
ing angle of said joint portion based on a 
time for transmitting a ultrasonic wave from 
said ultrasonic transmitter to said ultrasonic 
receiver. 

5. A musical tone control apparatus according to 
claim 2 wherein said detecting means (517a to 
51 7d) is constituted by a pressure sensitive 
element which is mounted at a finger tip por- 
tion (516a to 51 6d) of a flexible glove (516), 
said pressure sensitive element detecting a 
bending angle of finger tip .based on a pres- v 
sure given to said presssure sensitive element. 

6. A musical tone control apparatus according to - 
claim 2 wherein said musical tone control data 
represent a tone pitch, a tone volume, a tone 
color or a tempo of a musical tone to be 
generated. 

7. A musical tone control apparatus according to 
claim 2 wherein said detecting means (508a, 
508b) judges whether said joint of said player 
is bent or not. 

8. A musical tone control apparatus according to 
claim 2 wherein said detecting means judges 
whether said joint of said player is revolved or 
not. 

9. A musical tone control apparatus according to 
claim 2 wherein said detecting means detects 
a bending angle based on predetermined 
bending degrees each representative of each 
of predetermined bending angles. 

10. A musical tone control apparatus according to 
claim 1 wherein the detecting means includes 
angle detecting means (602) which detects an 
angle formed between the direction of an ob- 
ject attached to said predetermined portion of 
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44 



the player and a reference plane and gen- 
erates an angle signal representative of the 
detected angle, and the musical tone control 
means (614) generates musical tone control 
data which controls an external musical tone 
generation apparatus based on the angle sig- 
nal. 

11. A musical tone control apparatus according to 
claim 10 wherein said reference plane is iden- 
tified as a horizontal plane and said angle 
detecting means (602) detects said angle by 
use of a gravity responsive medium. 

12. A musical tone control apparatus according to 
claim 10 wherein said angle detecting means 
(602) is constituted by a mercury switch (a to 
d). 

13. A musical tone control apparatus according to 
claim 10 wherein said angle detecting means 
(602) has shape which can be held by a play- 
er's hand. 



21. A musical tone control apparatus according to 
claim 19 wherein said angle sensor (702R, 
702L) is mounted at a predetermined portion of 
said player's body. 

5 

22. A musical tone control apparatus according to 
claim 19 wherein said angle sensor has a 
shape which can be held by a player's hand. 

10 23. A musical tone control apparatus according to 
claim 16 wherein said musical tone control 
data represent a tone pitch, a tone volume or a 
tone color of a musical tone to be generated. 

75 24. A musical tone control apparatus according to 
claim 19 wherein said musical tone control 
data represent a musical information of an 
accompaniment. 

20 25. A musical tone control apparatus according to 
claim 19 wherein said musical tone control 
data represent a tone pitch or a chord of the 
musical tone. 



14. A musical tone control apparatus according to 
claim 10 wherein said angle detecting means 
(602) has a stick shape. 

15. A musical tone control apparatus according to 
claim 10 wherein said musical tone control 
data represent a tone pitch, a tone volume or a 
tone color of a musical tone to be generated. 

16. A musical tone control apparatus according to 
claim 1 wherein the detecting means (701 R, 
701 L) detects a position of a predetermined 
portion of player with respect to a reference 
point as the angle. 

17. A musical tone control apparatus according to 
claim 16 wherein said detecting means (701 R, 
701 L) detects a position of a player's arm. 

18. A musical tone control apparatus according to 
claim 16 wherein said detecting means (701 R, 
701 L) detects respective positions of a right 
arm and a left arm of the player, said control 
means generating said musical tone control 
data based on a combination of detecting re- 
sults of said right and left arms of the player. 

19. A musical tone control apparatus according to 
claim 16 wherein said detecting means is con- 
stituted by an angle sensor (702R, 702L). 

20. A musical tone control apparatus according to 
claim 16 wherein said detecting means has 
portable shape. 



25 26. A musical tone control apparatus according to 
claim 1 wherein the detecting means (202a, 
202b, 203a, 203b) are configured to be moun- 
ted on a player in vicinity of a joint of the 
player and detects an angle of the joint portion, 

30 the musical tone control means (201) detects a 

bending angular velocity of the joint portion 
based on a variation of the angle detected by 
the detecting means in lapse of time, and the 
musical tone generating means (224) gener- 

35 ates a musical tone signal in accordance with a 

signal derived from the detected angle. 
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© Musical tone control apparatus using detector. 



musical tone control apparatus controls a 
musical tone corresponding to a movement itself of 
(V) an object and the like which is detected by a detec- 
^ tor. Such detector detects also a moving speed, a 
^ moving force, a moving angle or an intensity of 
given impulse of the object. In the case where the 
CO detector is mounted in the vicinity of a player's joint, 
1^ the detector detects a revolving or bending angle of 




the player's joint. Hence, the musical tone can be 
controlled based on such angle of the player's joint. 
Thus, through this musical tone control apparatus, 
the player can generate a musical tone having, for 
example, a desirable tone pitch, a desirable volume 
and a desirable tone color based on the movement 
of the object or the player's joint. 



Rank Xerox (UK) Business Services 



EP 0 507 355 A3 



START PULSE 
GENERATOR 



2IO 



K 220 



SPl 



ULTRASONIC 

PULSE 
GENERATOR 



t 
211 



UPl 



2!4b 213b 



r— -i Sbl 

4r_| cp / i 

2I2b 



ckCOUNTER b 
•7- 

2/6b 
2I5b 



ul 



2t2a %5o r-— 
ff r-E' c,<COUNTER ' , 



Sa 



V 



^oa^ i — l — h 



RPb 



P 



221b 
) 



OPERATIONAL 
CKT 



DL 

=3 



i 



D/A 



OPERATIONAL!— >v| 
CKT f-V 
DR 



RPa 



7 



D/A 



VL 



VR 



223b 



DIFFERENTIA 
TION 
CKT 



VLl 



DIFFERENTIA f 
- TION 
CKT 



£?4 
( 



225 



MUSICAL TONE 

SIGNAL 
GENERATING 
CKT 



VRi 



223a 




22Z 



TRANSMITTER 
CKT 



226 



FIG. 6 



2 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 92 11 0153 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category I Citation of document with indication, where appropriate, 
of relevant passages 



P.X 



US-A-3 935 669 (POTRZUSKI ET AL. ) 

* column 2, line 3 - line 36 * 

* column 3, line 21 - line 66; figures 1,2 * 

US-A-4 635 516 ( GIANNI Nl) 

* the whole document * 

US-A-3 704 339 (NIINOMI) 

* column 1, line 37 - line 50 * 

* column 6, line 9 - line 27; figures 11A-13G 



The present search report has been drawn up for all claims 



Flaw of* 

THE HAGUE 



DeM of enptaUM of Ub mmxk 

15 SEPTEMBER 1992 



Relevant 
to claim 



1.10-14 
16,19,22 



1.5-7 



5.16-18 
23 



CLASSIFICATION OF THE 
APPLICATION ant. CL4 ) 



G10H1/OQ 



TECHNICAL FIELDS 
SEARCHED (Int. Q.4 ) 



G10H 



PULLUARO R.J. P. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined wltb another 

document of the tame category 
A ; technological background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on. or 

after the filing date 
D : document dted in tbe application 
L : document dted for other reasons 

A : member of the same patent family, cc*respOTding" 
document 




I 



